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Man in Space 

A National Historic Landmark Theme Study 
lntroducto~y Essay 

The Man in Space National Historic Landmark Theme Study has been prepared for 
the Congress and the Secretary of the lnterior 1 s Advisory Board in partial 
fulfillment of the requirements of P.L. 96-344. The purpose of the Theme Study 
is to evaluate all resources ~hich relate to the theme of Kan in Space and to 
~ecommend cettain of those resources for designation as National Historic 
Landmat"ks ~ 

The Han in Space Theme Study con$idered ~esources relating to the following 
general subthemes: 

A. Technical Foundations before 1958 
B. The Effort to Land a Man on the Hoon 
C. The Exploration of the Planets and Solar System 
D. The Role of Scientifi~ and COlJlJD~nications Satellites 

Th.e Theme Study con$1dered the Space Program in an integrated fashion. In any 
given space mission thousands of scientists~ technicians~ and other support 
personnel were necessary to insure success. These support personnel performed 
vital work in a varie~y of ways using support facilities lo many parts of the 
country. None of these personnel in all likelihood ~omprehended all aspects 
of ea~h space mission~ yet all we~e vital to the success of the program. Since 
individual missions lasted over many years and involved a wide ~ariety of 
resources and people only a few managers at the National Ae~onautics and Space 
Administration (NASA) were able to see all of th~ facets of the space program. 
lt was this coordinatio~~ cooperation, and collaboration that enabled NASA to 
successfully manage the American Space Progt"am. The theme study follows this 
same approach and attempts to identifyt inasmuch as is possible. the surviving 
resources of those th.at were necessa~y to accomplish the goals of landing a man 
on the moon and exploring the ear th, planets and solar s·y.s tem, 

General Background 

NASAts origins can be traced to World War I and the realization that although 
America had invented the airplane we had fallen behind in the technology of 
aerQnautical resea~ch~ In 1915 President ~oodrow Wilson signed into law a 
Bill es~ablishing the National Advisory Collllllittee for Aeronautics (NACA) to 
remedy this situation. NACA began work in 1920 with the establishment of its 
first field office-the Langley Memorial Aeronautical Labor.at or y in Hampton, 
Virginia. 

As the years passed and significant wind tunnel research was accomplished at 
Langley, NACA perceived the need for additional ~esearch facilities .• In 1939 
NACA escablished its second field center~-the Moffett Field l..a.boratory, in 
Californiat late~ called the Ames Research Center. Like Langleyt Ames was 
primarily devored to wind tunnel testing needed to aupport the growing American 
aircraft industry. 
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In 1940 NA.CA. established its third field center; in Cleveland, Ohio~the Le~is 4li 
Research Center. '[b.e purpose of Lewis was also tc support aeronautical reaearch 
with special E'.lllphasis on the development of newer 1 ~ore effi~ient engines. 

By the late 19408 NA.CA also had established two flight teat centers--the 
Auxiliary Flight Reae6rch Center at Wallops Islaud. Virginia and the NA.CA Muroc 
Flight Test Unit at Edwards~ California. later renamed the Dryden Flight Research 
Cente~. 

Also establiahed dllrin.g these early years were the u.s~ ~aval Research Laboratoty 
in ~aahington~ D~C.~ and the ~uggenheim Aeronautical Laboratory at the California 
Institute of Technology, later called the Jet Propulsion Laboratory. Both of 
these centers were soon concerned with research involving rocket technology. 

After the Second World War the in~erest of the Army in rockets as battlefield 
weapons led to the importation of many Germ.an scientists who had. worked on the 
Germ.an V-2 progra~. tb.is gt"OUPs led by Or. Verner von Brauni was first stationed 
at Fort Blisst Texas~ and later reassigned to the U.S. Army Red&tone Arsenal, in 
Huntsville~ Alabama~ tb.e army gt"oup at the Redstone Arsenal eventually evolved 
into the Ceorge c. Ka.rah.all Space Plight Center~ 

After th~ launch of Sputnik land the much publicized failure of the Am.er~can 
Vanguard Rocket? Congress passed the National Aeronautics and Space Act of 1958 
that brought into being the National Aeronautics and Space Administration (NASA) 
and the modern American Space Program. 

When NASA began business on October 1~ 1958i the procea$ of consolida~ing the 
many pieces of the American Space Program WB8 initiated. By 1963t when the 
pt"ocess waa completed~ NASA consisted of the following field centers: 

Am.es Research Centert Moffett FieldLCalifornia: Am.es contiuued its ~erk in 
furthering aeronautical research uaing its fine wind tunnel complex, Its role 
in the Space Prog~am was limited to the management of the Pigneer ser~es of 
Spacecraft; apace environ.mental physics; simulation techniques; gas dynamics 
at high speeds; configu~ation, stability~ structures, and guidance and control 
of aeronautical and space vehicles; and biomedical and biophysical research. 

Hugh L. l>r"l_den Flight Research Center, Rdwardst California: Dryden supported 
flight testing of general aviation and high performance ai~craft and Bpace­
craft; flight ope~ationa and flight 5ystem.s; and structural characteristics of 
ae~onautical and apace vehicles. 

Goddard S~ace Flight Center, Greenbelt, Maryland: (;oddard de~eloped from the 
Maval Resea~ch Labo~atory afte~ its transfer to NASA in 1958. The role of 
Goddard ia in the scientific resea~ch of space with unmanned aatellites; 
research and development of meteorological and colIIIE.unications satelli.tes; and 
tracking aQd data acquisition operations. The Goddard Space Flight Center also 
manages the Goddard Institute for Space Studies iu Ne~ York City which conducts 
research in astrophysics~ planetary physics~ and at~oapheric phyaics. 

' 
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George C. Marshall Space Flight Center, Huntsville, Alabama: tiarshall developed 
froin the u.S, Ar,._y Redstone Arsenal rocket program under Dt. Werner 110n Braun. 
After the transfer of Dt. von Braun and his g<"Oup to NASA, Marshall continued 
to work in the research and development of launch vehicles and systems to 
launch manned and unmanned spacecraft; development and integration of p.ayloads 
and experiments for assigned space flight activities; and application of space 
technology and supporting scientific and engineering research. Marshall is 
most famous for the development of the Saturn family of rockets. Marshall also 
roanaged the Michaud Assembly Facility in New Orleans, Louisiana where the giant 
Saturn V rocket first stage was built and the Slidell Computer Facility in St, 
Tammany Pai:ish, Louisiana, which handled cO!ilputer data processing for both 
Mid,oud and the National Space Tech.nology Laboratories. 

Jet Propulsion Laboratory, Pasadena, California: The Jet Propulsion Laboratory 
was transferred to NASA from the U.S. Army in 1958 and developed into NASA's 
primary center for the exploration of the moon, planets, and solar system. JPL 
also wanagea the Goldstone Trar,king Station which is -.-esponsible for the tracking 
and data acquisition systema necessary to communicate with spacecraft exploring 
deep space, JPL is operated for NASA under contract with the Galifornia Institute 
of Technology. 

John F. Kennedy Space Center, Florida: The Kennedy Space Center in cooperation 
with Cape Canaveral Air Force Station supports major NASA launches. All moon 
flights originated fr<J!ll Launch Complex 39 at this aite. The Kennedy Space 
Center al~o manages the NASA Vestern Test Range Operatiuns Office at Vandenberg, 
California, which was responsible for the integration, test, checkout, and launch 
of unmanned light and medium vehicles and the 1,/1,ite Sands Test Facility in Las 
Cruces, New M.exico, which supported developmental and operational tests of 
spacecraft propulsion and power generating syatems. 

Langley Reaearch Center, Hampton, Virginia: Langley was the first NA.CA field 
installation and thus the oldest NASA center. Through the use of its fine 
complex of wind tunnels and other facilities Langley suppotts research in aero­
nautical and space structures and materials; advanced concepts and techniquee 
for future aircraft; aerodynamics of re-entry veh1"les; and space environmental 
physics, and improved supersonic flight capabilities. Langley has also provided 
major support for most aspects of the Space Pt"og-.-am including Pt"ojects Mercury, 
Gemini, Apollo, the Space Shuttle, and the Viking Pt"oject. 

Lewis Research Center, Cleveland, Ohio: Lewis is "-nother of the original NACA 
field offices that was transferred to NASA in 1958. Lewis was responsible for 
power pl,.nts and propulsion; high energy propellents; electric propulsion; 
aircraft engine noise reduction; engine pollution reduction; and data bank 
research information in aerospace safety, The most significant achievement of 
Lewis was in pioneering research that led to the development of hydrogen as a 
-.-ocket engine fuel and in the development and testing of new materials for 
spacecraft and aircraft. Lewis also managea the Plum Brook Operations Division 
at S"-ndusky, Ohio, where many of its larger testing iacilities are located. 

Lyndon B, Johnson Sp"-ce Center, Houston, Texa9: The Johnson Space' Center was 
created after the farm,.tion of NASA to manage the A.lllerican Manned Space Progr,.m. 
Johnson pioneered in research and develol""ent of manned sp,.cecraft systems; 
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development of astronaut all(! crew life oupport syotemo; development and integrario~ 
of expiniments for space flight activities; and application of space technology, 
and supporting scientific, engineeringt and medical research. Johnson was 
rece~tly designated as the lead NASA center in the development of the manned 
space station~ 

Wallops Flight Center, Wallops Island 1 Virginia: Wallops was another of the 
original NAC.A field installations that transferred to NASA in 19589 Wal1ops 
was responsible for launch facilities and serv~cea to other NASA installations 
which conduct suborbital, orbital~ and space p~obe experiments with vehicle~ 
ranging from st11a.ll ro~keta to the Scout four-a~age solid fuel rocket. 

National Space Technology Laboratories 2 Bay St~ Louis. Missisaippi: The National 
Space Technology Laboratories {Mississippi Test Facility) was responsible fot 
static test firing of large space and launch vehicles such as the Saturn V rocket. 

Former NASA Installations 

In addition to the above existing tiASA installationfi there were two facilities 
that no longer exist~ 

Electronics Research Centert Cambridge. Na6sachusett&: The Electronics Research 
Cen£er was resvons!ble for conducting research and developing advanced technology 
in the area of apace and ae~onautical electronic c~mpOnents. lt was closed in 1970. 

Nuclear Rocket Developw.ent Station, Jackass Flats, Nevada: Tha Nuclear Rncket 
Development Station ~aa responsible for conducting full-scale ground tests of 
nuclear reactors. enginest and flight Btages for the nuclear rocket p~ogram. It 
~as closed in 1974~ 

United States Air Fotce Facilities: 

Cape Canaveral Air Forc:e Station L Brevat' d Coontz, Flor ide.: Cape Can.aver al Air 
Force Station contain& some of the earliest facilities as&ociated with rocket 
experi~entation and space exploration as well a& active space-age 1nstallations 
for current m~litary and NASA pcogrsme. Cape canaveral is beat kno1rn for its 
association with ~ojects Mercury~ Geminit and Apollo as well a& the launcn &ite 
fo~ most satellites and deep apace probes during the early years of the Amerlcan 
space in-ogram .. 

Edwards Air Force Baae~ Edwards 2 California~ .Edwards Air Force 3ase is the site 
of the Air Force Fl1ght Test Center which conducts new and follow-on testing of 
air~raft and related avionics and weapons systems. Edwards is al~o the home of 
the Ai~ Force Rocket P~opulsion Laboratory and the Air Force Test Pilot School. 
Edwards is presently the primary l.anding site for the Space Shuttle. 

v~ndenberg Air Force Basep Lompoc, california; Vandenberg Alr Force Base Ls 
the site of the 1st Strategic Aerospace Divis1on~ Weste~n Spac~ and Missile 
Test Center> Space and Missile Test Organization~ and the Shuttle Act1vation 
Task Force. Vandenberg conducts missile crew trainLngt and operates testing 
and launch facilities for the Strategic Aic Command .. 
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Contractor Sites: 

In addition to the above NASA and USAF installations there were many contractor 
facilities tnat were important in the space program.. These facilities were not 
vhited duriog the course of this theme study. lt is not known wnat cont-.-actor 
facilities associated with the early years of the American Space Program survive, 
Additional facilities associated with Robert Goddard, the U,S Army White Sands 
Test Sites, and space hardware now in the collection of the Smithsonian 
Institution will be visited and assessed during Phase II of the Man in Space 
Theme Study. 

11.ecommendations: 

A, National Advisory CollllOittee for Aeronautics Vind Tunnels 

1. Variable Denalty Tunnel (Langley 11.eseatch Center) 
2. Full Scale Tunnel (Langley) 
3. Eight-Foot High Speed Tunnel (Langley) 
4, Unitary Flan I/ind Tunnel (Amea Research Center) 

Th.ese sites are reco!Dlllended for desiguation as Nattoual Historic Landmad1.s 
because they represent the fine technological base of aeronautical research 
facilities created by the National Advisory Conmittee for Aeronautics. It was 
on this base that th.e National Aeronautics and Space Administration would build 
to create the success of the American Space Program. The Variable Density 
Tunnel wag the first 11ind tunnel in the world to ll6S the principle of varbt>l,;, 
density air pressure to test scale model aircraft. The Full Scale Tunnel was 
the first full scale tunnel in NACA's inventory and contributed mightily to the 
design of an entire new generation of aircraft in the 1930s and 1940s. The 
versatility of the Full Scale Tunnel is demonstrated by the fact that tods.y, 53 
years after its construction, it is still a major research. tool in NASA's 
inventory and is being used to design a new generation of aircraft. The Eight­
Foot High Speed Tunnel is important because it was the first tunnel to employ a 
slotted throat design which gave aircraft designers accurate dB.ta on airframe 
performance in th.e transonic range. The Unitary Plan Wind Tunnel is significant 
because it represents the continuing effort of NACA to update its wind tunnel 
inventory to P<"ovide the American aircraft and aerospace industry with the iuost 
advanced testing facilities in existence in the world. Th.e Unitary Plan I/ind 
Tunnel was extensively used in designing new generations of aircraft that 
eventually led to the Space Shuttle of today. These wind tunoela represent 
only a small fraction of the more than 65 wind tunnels currently in NASA's 
inventory. 

B. Rocket Engine Development Facilities 

5. Rocket Engine Test Facility (Lewis Research Center) 
6. Zero-Gravity Research Facility (Lewis) 
7. Spacecraft Propulsion Research Facility {LeRC Plum Brook Operations Division) 

These sHes are recommended for designation as National llistoric Ifndmark.s 
because they represent the important role of th.e Lewis Research Center in 
developing hydrogen as s fuel for the Centaur and Saturo v rockets. The Rock.et 
Engine Teat Facility pioneered in the technology necessary to handle hydrogen 
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as a rocket fuel, the Zero-Gravity Research F~cility investigated the phyaicB • 
of handling liquids 1n a ~ero-gravity environment, and the Spa~ecraft Propulsion 
Research Facility ~nabled engineers at Lewiij to hot fite full scale Centaur 
engines in simulated space conditions. The development of the Centaur and Saturn 
Rockets was crucial to both the manned and umaanned epsce programs of the United 
Stat.ea~ 

C. Rocket Engine Test Stands 

8. Redstone Test Stand {George c. Marshall Space Flight Cent~r) 
9. Propulsion and St~uctural Test Facility (Na.rah.all) 
10. Rocket Ptopulaion Test Complex (National Spa~e Technology Laboratories) 

These facilities are recommended for designation as National Historic Landmarks 
because they represent the role ¢f the Marshall Space Flight Ce~ter in the 
building and testing of actual space £light tockets. Before any rocket ia 
allowed to fly and be used on a manned miesion it ia first tested by firing in 
a static test stand to verify its flight status. The R.edstone Test Stand ~as 
the first facility of this typ,e built at MB.rshall by Dr .. Werner .von 1.1.caun. The 
Redstone test stand tested the Hercury/B.edatcne missiles used to launch Alan B. 
Shepa~d and Gus Grissom on their first space launches. The Propulsion and 
Stn1ctw:al Test Facility was important in t:he. testing of the Saturn lB vehicle 
and ~epresents th~ evolution of test stand technolgy frQlll the daya of the Army 
Redstone Missile to the Sol~d Rocket Boosters used on the Space Shuttle today. 
Tne Ro~ket Pt"opulaion Teat Complex was used by Karsh.all to test and man-rate 
all Saturn V rockets used in the Apollo Progra~. 

D. Rocket Test Facility 

11. Satu~n V Dynamic Teat Stand {Karshall) 

This facility illust~ates another fa~et of t:he building and testing and man-rating 
of the Saturn V Rocket, Afte~ every Satutn V ~as tested on the firing stand it 
~as brought to the Dynamic Test Stand fo~ mechanical and vib~ational tests to 
determine its structural integrity~ Th~s process r.i-as part (lf the extenaive 
ground testill@ program for the Sa.turn V Rocket and it ia a p~ima~y reason for 
the success of the American manned space program. Tests conducted heJ"e gave 
~ASA and industry enginee~s their last chance to detect and corre~t any flaws 
in the fully assembled Saturn v. 

E. Rockets 

12. Saturn V Space Vehicle 

At this time the only rocket recommended for designation as a National Historic 
Laadmark is the Satu~n Vat the Alabama Space and Rocket Museuro. Thia vehicle 
is one of only three remaining Sa~u.:rn Vs in the country. It was selected to 
~epresent the class of Saturn V tockets because of its integrity and association 
~ith its site-~the George C. Marsh.all Space Flight Center. All three stages of 
the vehicle and the inst~Ulllent ring $re intact, The vehicle is well maintained 9 and in a good state of preservation. This Saturn V was the original test vehicl 
used in dynamic testing of the Saturn suppcrrt facilitie~ at the Marshall Space 
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I. Unmanned Spacecraft Test Facilities 

19. Spacecraft Magnetic Test Fecility (Goddard Space Flight Center) 
20~ Twenty-Five-Foot Space Simulator (Jet ~opulsion Lllboratory) 

These facilities are rec~ended for designation as Natioaal Historic LandtnaTks 
because they illustrate the ektenijive ground support t~eting- facilities needed 
to accomplieh the Am.erican u~t\\.€1.nned apace program--the exploration of the near 
and deep apace environment, the Spacecraft Magnetic Test F&cility !epre&ents 
the role of the Goddard Space Flight Center in the i'lme.r;-ican space program. This 
facility, the only one of its type in NASA's inventory~ enables NASA to determine 
and minimize the magnetic movewent of even the largest un.rn.a.nned epacecraft and 
thereby eliminate unwanted torques due to the interaction of the spacecraft with 
the Earth 1 6 magnetic field~ The T\ienty-Five-Foot Space S1uulator ia the OQly 
NASA facility capable of producing the true int~planetary conditions of cold~ 
high vacuumt and intense solar radiatlon coupled with a large test chamber that 
cao accOUilllOdate large space vehicles. Both of these facilitieg·have contributed 
to the success of the American unmanned space program and represent the techno­
logical sophistication of the support facilities nece~sary to accomplish that 
program~ 

J. 'l'l:acking Stations 

21. Pioneer Deep Space Tracking Station (Goldstone Tracking Station) 

• 

The Pioneer Deep Space Tracking Station ~s recommended for designation as a 
National Historic Landmark because it was the first antenna to support NASA's 
unmanned exploration of deep spa~e~ The technological achievements necessary to 
track deep space vehicles were first de~on5tr~ted aod pu~ into use at thls site,~~ 
The Pioneer Staticm was later joined by dozens of additional tracking stations 
around the ~orld. This site illustrate, the role of Goldstone and the NASA 
tracking system in the American Space Program~ 

K. Mis~ion Cont~ol Centers 

22~ Space Flight Operations Facility (JPL) 
23~ Apollo Mission Control (Johnson) 

These sites are recommended for designation aa National Historic Landmarks 
because they a~e the very heart and soul of both ttie American Manned and Unmanned 
Space Programs, The Space Flight Operations Facility at the Jet Prcpulsion 
Laboratory represents the role and achievement of JPL in the .American effort to 
e~plo~e the moon~ planetst and solar system; Projects Viking~ Voyager, Pioneer~ 
Ranger, and Mariner opened new worlds for exploration and human understanding. 
The Space Flight Operations facility is the symbol of this effort and the 
facility at the Jet Propulsion Lllboratory is the one ~ost closely associated 
with thl6 effo~t. Apollo M1as1on Control at the Lyndon B. Johnson Space Flight 
Center represents the role and achievement of Johnson in the Am.eri.can manned 
spaceflight program. It was to Apollo Mission Control that Neil AtmstLong 
~eported his famous words that "lllAn had first landed on the moon in July 1969~ 

' 
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L. Other Support Facilities 

24. Rogers Dry Lak.e (Edwards Air Force ll,ase) 

Although a natural resource tlte l!Dgers Ory Lake is recommended for designation 
as a National Historic r..ndmark because of its association with flight testing 
of advanced aircraft that opened the way to space. The natural attributes of 
clean air, isolated location, ideal weather, proximity to variable terrain, 
and the large surface of the dry lakebed provided a natural laboratory in which 
to flight test aircraft that were on the cutting edge in aviation and aerospace 
technology. As a resource the Rogers Ory Lake has contributed as much to the 
American aircratt and aerospace effort as any manmade facility. Starting in 
1947 .. 1th the fl1gl1t of the Bell X-1, the flr&t plan" to break. the sound barrier, 
to the landing of the Space Shuttle Columbia in 1981, the Rogers Dry Lslte has 
heen the scene of soine of tloe most important developlilents in the history of 

aviatiun. 

Previously Designated Sites 

c ... pe Cenaveral Air force Station was designated a National Historic Landmark. on 
April 16, 19B4, Launcb. Complex 39 at the Kennedy Space Center was listed on 
the National Register of Historic Places on Ma.y 24, 1973. 

Summary 

The 24 recommended resources conteined in this phase of the Man in Space Theme 
Study represent only a sll!all fraction d the technologirnl resources that were 
necessary to SuDport the American space program. They are recomlllended for 
designation as Nat tonal HisLoric Landmarks because they represent the best and 
most import<rnt surviving examples of thh, technology, Due to the rapid change 
of the space program and evolving technologies, support facilities simply do 
not survive ot· survive in a greatly altered atue. The efforts to land a man 
on the moon, investigate the near Earth environment, and explore the planets 
and solar system were supported from a technological base that reflected a 
depth and variety of support facilities that were unprecedented in American 
history, Many of these reaource.s ha'1e long since been destroyed, abandoned or 
altered to meet the changing demands of the space progi:am, The 24 facilities 
reflected in this theme study are but a fraction of this resource base. They 
are the best, most intact, and mo~t important resources that have survived. 
Their variety and r"nge refl~ct lhe llluch larger tedmological base that provided 
the foundation of the spact program. H is hoped that this selection will 
Sllrvive to interprH for luture generations the early years of the American 

space program • 



' 

• 



I 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS WIND TUNNELS 

1. Variable Density Tunnel (Langley Research Center) 

2. Full Scale Tunnel (Langley) 

• 
3~ Eight-Foot High Speed Tunnel (Langley) 

4. Unitary Plan Wind Tunnel (Aines Researcn Center) 
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D•acribe the pN1Nnt and ortglnal (H known• phpEc•I appearance 

The Va~iable Density Tunnel (VDT) is in Building 582 in the East Area of the 
Langley e.esearch Center.I The VDT was constructed during the period from 
1921 to 1923 at the direction af the National Advisory ComD11ttee for Aeronautics 
(NACA)~ 

The tank. of the VDT wa.8 built by the Newport News Shipbuilding & Dry Dock Co •• 
of New-po~t Newst Virginia. It iB capable of withstanding a working pressure 
of 21 at~ospheres. It is built of ateel plates lapped and riveted according to 
the usu.al practice in steam boil~r construction. although. because of the size 
of the ~ank. and the high ~orking pressuret the construction ls unusually heavy. 
Entrance to the tank ia gained through an elliptical door 36 inches wide and 42 
inches high. The tank and its contents weigh 100 tons and a~e supported by a 
foundation of ~einforced conc~ete.2 The tank is 34.S feet long and 15 feet 
in diameter with interio~ steel walls 2 1/8 inches thick~ To m.inimlze tank 
volume and the quantity of structural steel required (85 tons). an annular flow 
schellle was adopted. The test sectiQn wa$ ma.de 5 feet in diameter to match the 
National Advisory Cotalllttee for Aeronautics (NACA) Win<l Tunnel No. 1, The 
maximum air velocity was SO MPH at a pressure of 20 atmospheres. 

The \FDT was pat'tially destroyed by fi.re in 1927. The interior of the t.unnel 
wa~ dama.ged but the ~xt~r\or p~essure tank remained intact. The tunnel was 
rebuilt and was operational again by 1930. 

By the 1940s the tunnel was ob.solete by the standards of the day and was gutted. 
The VDT con~inued to serve the needs of NACA and was used as a pressure tank to 
suppo~t the operation of the Vertical Wind Tunnel and the Low Turbulence Wiod 
Tunnel. The VDT continued to serve in this capacity until it was decla~ed 
potentially unsafe for further opera~ions in 1978. A.dditional modification~ 
during this time included the removal of the viewing platform and porthole from 
the tunnel. 

The basic structure of the tunnel rem.a.ins intact. At the present time there 
are no plans for ~he use of the Variable DenBity Tunnel. · 
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Th~ Va~iable Density Tunnel was the firBt facility to establisb NACA as a 
technically competent. research orga.ni~ation. The tunuel was a technological 
quantum j u.mL) that rtijuvenated American aerodynamic research which in time led 
to the best airnaft in the world.3-

The success of the Wright Brothers airplane was followed by a techQological 
backwac-d ::.lide by the hu.e.r-ican aircraft industry. British, French, and German 
designers soon surpassed the Wr; ight Brothe:i:-s and other A.mer k.an air-er aft builders• 
By World War 1 the u~ited States had slipped into a position of technological 
inter io-rit.y cornparl!d to the European designers. 

To suppo:r,-t t.heir aircraft industry European designers built major wind tun11els 
to test new theories and to discover better methods of building aircraft. To 
regain for .Ame~ica Lh~ technQlugical lead~tship in th~ field Qf ~ircr~ft design 
and rnanufdcture, President Woodrow Wilson signed into law a bill escablishiag 
the National Advisory Colll!llittee for Areonautics (NACA) March J, 1915. 

The responsibility of NA.CA.> as the ne\11 agency was calledi was to ··supervise and 
direct rhe study of the proble~6 of flightt ~ith a view ta their pr-actical 
solution •••• " The act also pr-ovided for the constructlon of re,search facilitie8 
aL1d a labor-at:o:ry site riear Hampton~ Virginia. Thus the Langley Research Center­
came into being in 1917. 

Originally called Langley Memorial Ae~onautical Laboratory. lateT just Langley 
Aeronautical Laboratory) NACA Langley immediately set about the prQblem of 
building a. w-ind tunnel to condm::t aeronautic.al research. Because of the lack 
of experience in this area Llngley first const~ucted NACA Wind Tunnel No. li a 
low speed tumlel with oo r et urn cir- cui t for air passing through the test section. 
Although usefo l as a learning tool, this tunnel was obsolete by the standards 
of the day aad produced no significant findings. 

le 

In June 1gz1 NACA1 s Executive Committee decided to leapfrog Eu~opean wind 
tunnel technology and build a tunnel in whicn pressures t:ould be varied. This 
concept was strongly advocated by Max Munk. a NACA technical assistant. wh.o was 
familiar \olit h E!".ur opean wind tunnel des ig11 from· his days at Gott ingen. The 
purpose ot the Variable Density Tunnel, that Munk advocated, wa& to sol11e the 
problem of applying experimental results obtained from s~ale raodel aircraft to 
full size aircraft. Almost all wind tunnel tests at the time we~eJ and still 
are, performed on scale model aic-craft because of the expense in~olved in 
cons lr uc t.ing full scale wind turrnels. 
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In a classic set of e~perimenta, Osborne Reynolds (1842-1912) of the University 
of Manchester d<emonstrated that the airflow pattern over a scale model would be 
the same for th~ full scale vehicle if certain flow parameters were the same in 
both cases. This factor, now koown as the J!Eynolds number, is a basic parameter 
in the description of all fluid-flow situations, including the shapes of flow 
patterns, the ease of heat transfer, and the onset of turbulence.4 

In 1921 all wind tucrnels were operating n non1al atmospheric p,essure using 
scale models. This meant that experimental results using these wind tunnels 
were open to question because the it..ynolds number obtained did not match those 
e1Lcountered in using full scale aircraft. Thus the Reynolds number of a 1/20-
scale <Podel being tesced at operational flight velocities in an atmospheric 
wind tunnel would be too low by a factor of 20. NACA engineers realized that 
sin~e the Reynolds number is also proportional to air densHy that a solution 
was possible by testing 1/20-scale models at a pressure of 20 atmospheres. The 
Reynolds number would be the same in the wind tunnel as in actual flight: .5 

This was the slgniHcance of the Variable Density Tunnel. The VDT, for the 
fust time, placed in the hands of NACA engineers a research tool superior to 
that found anywhere else in the world. The VDT was able to predict flow cha.-­
acteristic& of test aircraft models more accurately than any other tunnel then 
in e><1stence. The VDT quickly established itselt as a primary source for 
derodynamic data at high Reynolds numbers. 

The resuH of this research led to the publication of NACA Technical Report 460 
in which aerodynamic data for 78 related sidoil sections were presented. 
Information contained in this repon eventually found Hs way into the design 
of such famoub aircraft "" the [)C-3, S-17 and the P-38. 

The VDT established NACA as a technologically competent organ:(zation and led to 
the production of superior American aircraft that have dominated the airways of 
the world since that time. A.11 modern Varillble DensHy Tunnels now in operatton 
are but an extension of the original ideal first formulated and put into operation 
by Max Munk in 1921 with the construction of the original Variable Density 
Tunnel at LB.ngley. 

• • 
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1. Much of the o>aterial in Sections 7 and 8 of this repon has been adapted 
from Donald D. Baals and Wilham R. Corliss, \llnd Tunnels of NASA 
(Washington, o.c.: National A,,.ronaut1cs and Space Administration, 1981), 

PP• 9-17. 

z. Elton \I. Miller, The Variable Density \/ind Tunnel of the NaUonal AdviSory 
Collll!littee for Aeronautics Part U, Technical Report No. 227, (Washington, D,C,: 
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Identlfication Key to Pictures 

1. Name of Property 
2. City and Stat~ where located 
). Name of Photographer 
4. Date of Photograph 
5. Location of Photograpll Negative 
6. Des er lption of Vie" 

J. Variable Density Tunnel 
2. Rampton, Virginia 
3. NACA 
4. 1929 
5. NASI!., Langley Research Center Archives 
6. E~ter ior vie" of VDT in Building 582 
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l. Variable Density Tunnel 
2. Hampton, Virginia 
3, NAaA 
4. 1984 
5. NASA, Langley Research Center Facilities Office 
6. Modern exterior view of VDT in Building 582 
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I. Variable Density Turmel 
2. Hampton, Virginia 
3, NASA 
4. 1984 
5. !<A.SA, Langley R.e.search Center l'acilities Office 
6, Modern e~terior view of VDT in Building 5B2 
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By 1929 the original NACA Langley wind tunnel complex was completed and tw:;ning 
out useful high quality aerodynamic research data, I<1 spite of th!8 achievement 
NACA engineers realized that there was a gap in their wind tunnel inventory. 
They r1eeded a full scale wind tunnel, 

Although the Variable Density Tunnel gave NACA engineers confidence in scaling 
up test results frow wodels, several research areas could be explored only with 
full-scale models or with actual aircraft. lhe VDT was limited ~hen the aero­
dynamic characteristics of a complete airplane were desired because it was 
practically impossible to build a model of the required size that is a true 
reproduction of a complete airplane. This difficulty is increased by the 
requirement th.at the model withstand large forces. Some of the questions that 
needed to be answered involved solving drsg penalties due to external struts, 
surface gaps, air leaks, and engine cooling insulation. these questions could 
only be answered by using full scale aircraft. Models simply would not work. 
Previous experience with the Propeller Research Tunnel, which had a large scale 
test section, gave NACA engineers the confidence to attempt to build the Full 
Scale Tunnel. 

Under the leadership of Smith J, De France, the design of the Full Scale Wind 
Tunnel began at Langley in 1929. With funds appropriated befote the start of 
the Depression, NACA was able to buy materials and labor at bargain prices. In 
addition a large pool of talented but now une!D.ployed aeronautical engineers was 
available to work on the l'l"Oject. The work progressed quicltly and by 1931 the 
tunnel was complete. 

The significance of the Full Scale Tunnel was immediately apparent to NACA 
engineers. Drag tests in the tunnel indicated surprisingly large perfotlll8nce 
penalities from external struts and other exposed aircraft parts. This informa­
tion had been suspected by NACA enginee1'S for some time but with the completion 
of the Full Scale Tunnel the engineers now had the data needed to correct the 
problem. Soon a large procession of miUt..ry aircraft was dispatched to Langley 
for drag cleanup teste, Before and during \olotld War II practically every high 
performance aircraft used by the United States was checked out at the Full 
Scale Tunnel. The tunnel operated 2i. houra a day 7 days a week during the war 

• 

performing drag cleanup tests for the military. For most of the war the Full 
, Scale Tunnel was the only tunnel in the country and in the world capable of 
, performing these tests, Tue importance of the tunnel was so evident tM.t the 
! United States built an even larger Full Scale Tunnel at the Arties Research 
! Center in 1944.5 



United State• Department of the Interior 
National Parti. Service 

National Register of Historic Places 
Inventory-Nomination Form 

Continuation sheet ' .. ,. 
The Full Scale Tunnel has proved to be a re1J1arkably adaptive research tool. 
In recent years modern aircraft of all types have been teated in the tunnel, 
These aircraft include the 1\8.ttier VTOL fighter, the F-16, the American super­
sonic transport, the X-29A-a for.,ard swept "ing experimental fighter, the Space 
Shuttle, the Lunar Landing Test Vehicle, and many others. 

Because of its unique performance the Full Scale Tunnel is of singular importance 
not only in the area of aeronautical research but also in the theme of support 
facilities that contributed the American victory in World War II. The superiority 
of American designed and built fighters and bombers "as due in no small part to 
the testing that these aircraft received in the Full Scale Tunnel. 
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The Uoc.rn,:arv of the Full Beale Tunnel is defined by the outside periraeter of 
Bal !~,~'cf &4l rn the C:ast Area of the Langley Research Center, 
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1, Name 

Vehide 

and!Of common ~.,mar Landing Training Vehicle 

2. Location 

street & numbolr .'llahsa:"a space ~nd ~ocket Cen•-er 

crry, town r,~r,t.svi J 1c 

•t•"' 
3. Classification 
Catagary 
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structure 
sl1e 

_ob1ecl 
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....L public 
_private -~· Pvblle Aequlaitlon 
_ In pl'Ocen 
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____i__ yea: rntrlctacl 
_ )'991: unrntrlctad 

00 

4. Owner of Property 

congreaolonal dlo1rict 

Madcson 

P .. aentUH 
_1gricuttu" 
__ commercial 
_ eOu..,.tlona( 
__ entenalnment 
- 11<'.,..,,,,..nt 
_1nou,w1,1 

mlltlary 

not for publlc.lllM>n 

----"----muaeum -~· _ prlvltle ruldence 
-- rellgloue 
__ ac~n!l11c 
__ tranapona\M>n 
_..:L_othar; E><)nl;it 

name c,,,c,or.dl A~nm,,«Ucs -and space J\dmn,stration, 8mithsoniar. !nstitutwn {On cxtendc,d 
Loan to the Alabama Space and RocRct Cei\1.er 

•tttt11 & numbolr 

c11y. tcwn vicinity of 

5. Location of Legal Description 

courthouse, reglsuy of dead1. etc. N/A 

"'""t & numl>er'---------------------------------------

c,ty. town 

6. Representation in Existing Surveys 

~• lt)la property bMn-determlneO eligible? , .. "° 
__ ,, __ ••• _ coun!'f __ loc:al 

D•poal!ory !or sunoey ,ecord• 
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:.1.:.. -'D=e=•=c.:.•i:,:P:..:l:::io::.:n::_ _______________ ~J 
Colldlllon Cheek on• Cloecll Olle • 
_lL exc•U•'"I _ d..ie,lorated __2L unaltered _ or~lnal 1119 
_ ,-,, __ ruin• _ alte,1<1 _ mond d ... -------------
- lair _ uM•po,ed 

The Lunar Landing Training Vehicle (LLTV) h a free-flight vehicle conshting 
ot a tubular frame on which a crew station, jet engine, 11ft rockets, attitude 
control rockets, control electronics, and associated equipm.ent are mounted. 
The gimbaled jet engine, which is mounted vertically, provideB main power for 
ukeoff and supports five-sixths of the weight of the vehicle during dmulation 
ot the lunar environment. The te"1111ning one-si>,th is lifted by two 500-pound 
""'ximum thru~t, throttleable lift rocketa to simuhte the Lunar llodule descent 
engine. The cockpit includes a Lunar i,!odule three-ads attitude control assembly, 
the throttle for the 11ft rockets, a horizontal velocity indicator, the altitude­
tdte tape indicator, and a thrust-to-weight 1nd1catoi:. Although the pilot of the 
Lunar Wnd:Lng Training Vehicle ""s seated because of the necessity for a ,ocket­
propelled ejection seat, the location of the flight instruments and controls 
relative to the pilot's hand and eye,; "as simllar to that in the actual Lunar 

Ld<oding Module, 

The Lun~r !And("g 'J'I:alning Vehicle is the third of theee such vehicles buiH 
foe th~ llatlonal Aeronautics and Sp~ce Adlllinlsnation. It is ln excellent 
c<)ndHi"n ,wd rctdns all of its original equipuient. 

• 



• • .-. ~~---------­Significance 

Period 
__ p,ehlal<>rlc 
_ 1400-1499 
_ 1500--1599 
_ 1500-15MI 
_ 17!l0--1J"!i9 
_ 1800---1899 
2-_ 1900--

...... al Slgnillcanc......C- •nd J<1•tlfJ' below 
__ archaclogy-pn,hlstorlc __ communl!'f planning __ !andacBplt archl!e<:tu,e __ ,ellgion 
__ archeol09Y·hla11>rlc __ conser,nrllon -- >,w -- science 
__ agrlcultu"' __ o,conomlca -- ll!ar•ture -- oculpture 
__ an:h!tectura __ &ducatlon -- military -- social/ 
__ art _x_ englneerong __ mus~ humanilarian 
__ com!lltl1'c0 __ a~plor,tlenlsen!emenl -- pt,lloB<>phy -- thaa1ar 
__ communltatlona __ lnduatry -- polltlc&lgovernmen\ L transportation 

lnven!lon _x_ Olher (spec:l!'f) 
ac E>< oration 

Sp•clllc elate• 196 7- l'.l 12 Bullder/Ar<ahltecl H~ll Aerosystems 

• 

The value of high-fidelity simulation and tra.lning was an accepted part of the 
Sµace progrnm. The dependence of this trBinrn,g for the success of every mission 
and the safety of th.e crew was crucial becBuse of the nature of space flight. 
!'light news are folly committed at Hft-off for an entire mission in which a 
bcoad nulllher of variables and abHacles must be successfully surmounted. Unlike 
aircraft "h:ich allo" for a broad range of training opportunities in actual 
aircraft under flight ,;:ondHions, space flight is necessarily limited to ground 
simulation training before the actual fl;lght. The success of the mission and 
s~fety at the crew is dependent on the success of space flight simulation and 
tl",Hning available to the asnonauts before each actual flight. 

The landi.ng ot a manned machine, the Luna-,- l'lodule, on the surface of the moon 
w~s crucial to the success of the prngra"1. The feat itself could not be ptact1ced 
before a touchdown i,as lnHiated. Therefore it .. aa ne,;:eaaary co devise training 
aids and simulators hete on the ~arth to train the astronauts in the techniques 
and skiHs n~c~ssa.ry tu land on the moon. This was the raission and reason for 
the Lunar Landing Training Vehicle. Its pw:pose was to simulate lunar landings 
011 the ~rth in a controlled and safe environment. 

The National Aeronautics and Space Admfoistration ordered three of these vehicles 
for the use of J.ts Apollo Astronauts. Two Lunar Landing Training Vehicles 
crashed during flight training excercises. 

This vehicle Is the third Lunar 1.snding Training Vehicle orde,ed by NASA and is 
the only surviving exaatple of the type. Cre"s frOlll Apollo 9, 12, 13, 14, 16, 
and 17 trained on this vehicle. Neil A:nostrong, the first man to land on the 
moon, trained on another Lunar 1.snding 'JTalning Vehkle that <erashed during his 
flight. After Neil itrmst,ong's crash, NASA suggested dropping training in the 
Lunde Landing Training Vehicle as too ,isky, but the astonauts lnoiated that 
thls training continue in the belief that it a<ecu-ately forecasted conditions of 
a Lunar Landing on tMe moon. 
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6. Lunar Landing Ti:a!ning Vehicle 1'Hh Astronaut 
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1. l,unu l.anding Training Vehicle #952 
2. lluntsville, Alabama 
3. Alaba ... Space and llod,et c .. nter 
4. 1984 
5, Alabama Space and Rocket Center 
6, Modern photo of Luna.r Landing Training Vehicle 

on display at the Alabama Space and Rocket Center • 
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and'orcommon Full $<;ale Tunnel 

2. Location 
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not lot publll;.otlon 
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slate v, ~grnia """ county- tlampton 
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_ district 

, _ bulldlng(I) 
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L... public 
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llatu• 
- occupi.<I 
_ unaci,upl911 

Pre-lUH 
- 811'lc:U"U"' 
~ i;ommuol1t 
__ aducat...,.1 
_ eni.n.o!nfflltnl 
L11<>,,..n..,.nt 
_ lnduir1r1a1 

_muMum 
_par'< -··· ' - "" __ object 

Public: Aoqul•ltl-
_ In prouu 

__ WO<k In P<"llfHS 

Aeee .. lblto 
__li_ yeo: ,.,.t,,cled 
_ y,,., unrN'U1c!td 

_ prlv- , .. ldenC9 
__ n1l19loua 
.L sci.ntlllc 
_ lla"'!>Ol"llr.tlon 
_Lo!hllr: Aerona•.it1cal 

• 

_ Delng conaldenld 

"' mlllllry 

4. Owner of Property 

nome 
~dtional M.ronautics and Space lldrni.ni5;tration (Nl\SA) 

•lrNI & number 

caty, !own Washington vicinity cl 
l\alll D.C. 20546 

5. Location of Legal Description 
ccunhouse,reglotryoldeedo,etc. National Aeronautics and Space lldm1n1stration (:li\SA) 

streel&numboer &,al Property Mc.nagement Office Code NXG 

c1ty, town ',i,>snington state D.C. 20546 c"'=---'------------=-----6. Representation in Existing Surveys 

htle _"_'_'_' ________________ ,•,•e•c•e"C"'-''""''""'"'"-'""e""'-'"''"'"'m,e•-,,,,•...,,,,,,.,.,"'-=cl="'~="""' ... 
doposltory_ !o, $U,.....Y record~ 

cit-,, town 

••• 

818111 • 

county ; "<:8! 



7. Description 

Condlth•n 
....1.._ excollent _, ... 
-- !air 

__ dete,loroled 
__ ruins 
__ une~po,ed 

Check ono 
__ unallered 
.2c.. alle'9d 

Check one 
___x_ o,lglnel site 
- -- dale __ ,_,_,_, ________ _ 

The Full Scale Tunnel iB in building 643 in the East ;i.rea of Langley Research 
Center. 

The general arrangement of the Full Scale Tunnel is shown in Appendix 1 at 
the rear of this report. The tunnel is a double return flow type with an 
open thI"oat having a horizontal dimension of 60 feet and a vertical dimension 
of 30 feet. On either side of the teat chamber is a return passage 50 feet 
wide, with a height varying from 46 to 72 feet. The entire equipment is 
housed in the structure, the outside walls of which serve as the outer walls 
of the return passages. The over-all length of the tunnel is 434 feet by 222 
feet and the maximlllD. height is 97 feet, The framework is on structural steel 
and the walls and roof are of 5/16-inch corrugated cement asbestos sheets. 
The entrance and e~it cones are constructed of 2-inch wood planking, attached 
to a steel frame and covered on the inside with galvaniied sheet metal as 
protection against fire.l 

The test section in the open throat is 30 feet high and 60 feet wide and can 
accoliilllod.ate airplanes or models hav1ns spans to about 40 feet. The tunnel is 
powered by two four-blade, 35.5 foot diameter fans, each driven by a 4000-
horsepower electric motor. Airflow from the dual propellers is split right 
and left into two streams; doubling back between the test section and the 
building's wall, the streams are reunited prior to entering the throat of the 
test se,aion, 

The maximWll air-speed of the tunnel is about 100 mph. When this tunnel was 
first placed in operation in 1931, its maximum air-speed was equal to the top 
speed of many airplanes then flying, Since then, not only has the maximum 
speed of airplanes far surpassed that of the tunnel, but transonic and super­
sonic airplanes operate in realms into which low-speed data cannot be extrap­
olated. The design of these airplanes, however, has required wing shapes and 
airfoil sections that sometimes result in poor low speed characteristics. 
The Full Scale Tunnel is well suited to investigate means of alleviating 
these low speed problems because full or large scale hardware can be used, 
and the model or airplana is readily accessible.2 

In addition to the testing capabilities of extensive flow lll,easurement and 
visualization for large scale-models, the tunnel is equipped with shielded 
struts for six-component scale balance testing, and can also be used for 
free-flight testing of subacale models. These tests are particularly suited 
to the study of high-angle-of-attack flight dynamics for advanced. fighter 
configurations.3 

The Full Scale TUnnel was upgraded in 1973 and is scheduled to be upgraded in 
1984. Work in both cases ptimarily involved work done on the electric motors 
that power the fans, At the current time, principal research for this facility 
is dire,cted at the study of the low-speed aerodynamics, static and dynamic 
stability and control, and associaled flow characteristics of military, 
general aviation, and commuter aircraft,4 

• • 
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street .!, numDer ~nal L'rc<;crty o:anayen>e~t Office Code NXG 
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6. Representation in Existing SurveYs 

!•tie Historic l'rnpcrti~s H<oport (Draft) a.le July i98.l 

U.S. Army Rectstont 8uenal 
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7. Description 

Condition 
.....:i.ncallent ---'" 

Ch_k...,• 
_ <1o11e!10,01ed L unaltered 
_ ruin, _ allerN --·-

Ct..ck-
_Ji_ orlgln1I al!• 

_ m<>YMI dote -------------

hMl,tbe - _...,I and ......... , tit knownl pllratcol -••-• 

The Neutral Buoyancy Simulator is in Building 470S at the Marshall Space Flight 
Center in Huntsville, Alaba..,., A large watei: tank, 7S feet in diameter and 40 
feet deep is the heart of the simulator, The water within the simulator is 
temperature controlled, continuously recirculated, and filtered. There are 
four obaer.,aUon levels with porthohs to view activities within the simulator, 
An elevator serves all four observation leveh. Special systems are integnlted 
into the t'ink for underwater audio and video, pressure-11uit environmental 
cont,ol, dnd emergency rescue and treatment. Life support is simultaneously 
provlded by these systems for up to four pressure-suited subjects. Additional 
systems include data acquisieion and recording, underwater lighting, special 
underwater pnewnatic and electrical power operations of motor, valves, controls, 
and indicators that are requited for high fidelity, and functional enginee,ing 
mockups and trainers, 

AdJacent to the Neutral Buoyancy S1111ulator is a completely equipped rest control 
a.ea for directing, controlling, dnd monitoring sinmlation activities in tl\e 
Neutral Buoyancy Si,oulator, An anne>< contains the operating crew dressing and 
sho.,er area.1 

• 

• 

• 
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Significance 
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l'J5 .i- P ce~ent lllullderlArchlt•d U.S. Army, Nl<SA 

s-.t•mant ol Slgnlllcanca Un one peraeraphl 

• 

The Neutral Buoyancy S1 .. ulator ,urn constructed in 1955 by the Axmy at the 
Redstone Axsenal. H "las designed to provide a simulated zero-gravlty 
envnonment ;:n whJ.ch enginee,s, designers, and astronauts could perforoi, for 
e><tended periods of time, the va,ious phases of resear,;:h needed to gain first 
hand knowledge ,;:oncerning design and operation problems associated with ,rorking 
in the zero-gravity envhonntent of apace, Be,;:ause of this capability to support 
re§earch and testing of operational techniques and materials needed Co success­
tully performed manned space missions the Neutral Buoyancy Simulator contributed 
s(gnificantly to the American manned spa,;:e program espedally Projects Gemini, 
Apollo, Skylab, and the Space Shuttle. !he Neutral Buoyancy Simulator is a 
facility that is unique within the NASA inventory of training facilities. 
Until the mid-19706, when an additional facility was constructed at the Johnson 
Space Flight Center to support the Space Shuttle Program, this facility was the 
only test fadlity that alLoo,ed astronauts to become familiar o,ith the dynami<es 
of body motion under >1eightless conditions. 

!he Neutral Buoyancy Sioiulator h on the ~ASA public tour of the Marshall Space 
Flight Center and is interpreted to the p,.,bli,;:. 

orat1on 

I• 
I 
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J. Neutral Buoyancy Space Simulator 
2, H.untsville, Alabama 
3, NASA 
4. 1984 
5. IIASA, Haub.all Space Flight Center Facilities Office 
6, Exterior View of Neutral Buoyancy Space SimulatM 
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l. N~utral lluoyancy Space Simulator 
2. l'untsvilb., Alabama 
3. NASA 
4. 1971 
5. NASA, Ma~shall Space flight Center Facilitles Office 
6. Cuta1<ay View of facility 
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J. Neut.al Buoyancy Space Simulator 
2. Huouville, Alaba""' 
3, NASA 
4. 1984 
5. NASA, Marshall Space Flight Center l'acilttte~ 

Off tee 
6, ExteI"ior View of l;'ate,: Tank 
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1. Neutral 5uoyancy Space Sioiulaeor 
2. Huntsville, Alabama 
3. NASA 
4. 1984 
5. NASA, Ma.rohall Space Flight Center Fac:llHies Office 
6. Top of Water Tank • 
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I. Neutral Buoyancy Space Simulator 
2. Huntsville, .Uabao,a 
3. NASA 
4. !984 
5. NASA, Marshall Space Flight Center 

FacHities Office 
6. Interior View of Control Room 
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l, Neurtal auoyancy Space Si<>ulator 
2. Huntsville, l\labaina 
3. NASA 
4. 1980 
5. NI\SII, l!a:tshall Space Hight Center Fadl1t1es Office 
6, !nterior Vie" of Wat& Tank with asnonaut and 

support personnel 
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APOLLO !!ARJllolARE TEST FACILITIES 

18. Sp,,.ce Envlrom•enc Simulation Laboratory 
(Lyndon II. Johnson Space Ceoter) 
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7. Description 

Condlll11n 
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The Space Euvironment Simulation Laboratory (SESL) is in building 32 at the 
LynJon H. Johnson Spdce Center (JSC) in l\<iuston, Texas. The SESL contains 
two large man-rated chambers, irrstruntenta"tion and data systems, and support 
faciUties. 

Chamher A i5 the largest of the JSC thermal-vacuum test facilittee. Hs usable 
test volume and hlgh-fidellty space aimulation capabilities are adaptable to 
thcriu.al-vacuum tests of a wide variety of test articles. 

Tl,., maJ<>r blruc.tural clements of the chamber are the rotatable floor, the 40 
foot dumeter access door, and the dual manlocks at the floor level and at the 
31 foot level. 

Tl1e cl1at11ber floor, which is 45 feet in diameter, can be rotated by Olanual 
control+ 180° about its vertical axis at continuously variable angular 
velodtics up co a maximum of O.tj rpm. 

Te&t article~ are normally inserted into the chamber by means of overhead 
cLi,1es an,1 a dolly and track structure that extends frot11 the high-bay area into 
ch~ ch~mber. Two !00,000 lb cranes are used outside the ch.amber and four 
lndcpendently operated 50,000 lb cranes, lowered throu,;h removable sections of 
lile top l1ead, are employed inside the chamber, 

Tise dual manlocks provide e means for the test crew to move from ambient air 
pn·s~ure to the th~roial-vacuu» envirornnent and back. They also provide for the 
,aainlenancc of rescue cre=en at convenient intermediate pressures during 

,,med lest operations. When trte inner door is boHed, either of the manlocks 
Gan be used as a,i altitude chamber tor independent tests. 

ln Charaber Ii, a test article can be «radiated fro,n either the top or the side 
with llir,h-fidellty solar siLDuldtion. The solar siraulation modules can be 
dCC<rngo,I in various dimensional configurations to meet most requirement£. 
Thh chamber can also generate thorrnal plasmas slrnulating those found in low 
Earth orbit. 

Chamber B, the sOLaller man-rated chamber, has the same basic capability as 
Chdmber A a,\d can accommodate a v"riety of smaller scale tests more economically 
d"d witlo t~ster response. Ka.jor structural elements of the chambec are the 
"""0vable top he.ad. the fixed chamber floor, and a dual manlock at the floor 
l~vel. 

The load-bearing floor area is 20 feet in diameter snd will support a concentric 
Jo,id of 75,000 lb. 

Tw<> colling bridge cra,\es with a capacity of JOO 
cham\,c,r <op and to iotsert large test articles, 

000 ,lb. are used to remove t:l\e 

• 

• 
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;,~ ccaal :o<anloc,. provides eas; a~cess to the rest anicles aa waH as a means 
,, e<anspon,n6 cest crew:r:es to the ,est environo,e:,t and \,ack during manned 
t~H•• The :r.a,,~oci< can ,;~so \e esed as dn altitude cc:atnber for sn.deeendent 
:e,ts. le. sddi:coc., on~ c:a.nbci< is e;uipped "ith a s;atet dduge sysu,n and 
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a. Significance 

Period Ao"e•• ..r lt11nltlcanc-Ch.ck .,,d Juotlty balow 
·- prehisto,ie __ archeology-prelll91orlc __ community plannlng __ landscape archll&C!Ur8_. religion 

__ arch!Kllogy-lllstorlc __ con,...N1rllon -- law --- science 1400..1499 
_, 1500--1599 
-- 1600--1699 
_ 1700--1799 
_ 1600..18911 
l 1900--

__ ag,!culture ~- economics - lill!rature -- sculpl""' 
__ architecture __ O<lucatlon -- m,lltary -- social.' 
__ •n J,__ engineering __ mueic numanltarlan 
__ comm<1,ce __ exp!oretlonl..,tllement -- phllo,,.,phy -- -•• 
__ communications __ ,n<lustry __ p,olltic&1<]0vemmen! -- trenspor1aHon 

;nvernlon L01"8r (specify) 
" • ' n 

NASA 

The Space En~ironment Simulation Laboratory (5ESL) has a significant associat:lon 
wilh Lhe mann"d spacecraft µrogram of the Un:ltcd States, Th.e SESL was destgned, 
built, and us,;d to conduct thermal-vacuum testing for all Uniced States manned 
spacenaft of the Apollo-era. The large size of both chambers in the 5ESL 
o,c,,ot that full scale flight hardware could be tested to, a vartety of design 
dnd development problem,; involving such factors as operating cemperacures, 
fluid leak rates, change~ in ~bsorpCive or emissive properties of thermal 
c,,~nn;:s an<! other materials. This testing was absolutely essential to m.io 
rate tl\ght h~rdware, The safety of the astronauts and the success of the 
JOanned space program depended on inform.ition that resulted from th.,se tests in 
the St:SL. 

S1nce it was conslructed in 1%5, the SESL has tested all Apollo command and 
s~rV1ce modules, Apollo lunar modul"s, spacesu\ts for extra-vehicular activity, 
tile Skylab/Apollo telescope mount system, various Space Shuttle systems, the 
Apollo/Soyu, docking module, and vanoo• large scale sdentU:tc satellite 
system" such a~ ci<e parabolic ~~t\ector subsystem of the Applications Technology 
S"t~lUte. Th~ therinal vaca>om testing done at ttio SESL since 1\l&S has been a 
~ign1flcant tactor contdbuting to the success of both the manned and unmanned 
,pace progrdrn of the United States. 
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• 
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l. THerma1 Vdcuum Laboratories l;8~r Guide (Houston, Texas: Lyndon 8. Johnson 
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Spd.ce Environmental Simulation Laboratory Chamb~r A 

22,700 ~G HOIST!TYP.:::AL FO~ 4),--~ 

\/!EW PORT OPENING 
(TYPICAL) 

HE CRYO• 
PVMPPNG PANEl5 

lN2 HEAT SIN~ 

PLATFORM ELEVATION 9.5M 

S10E SOLAR COLLIMATOAS 

SERVICE MOOUI..E 

PRESSURIZATION PLENUM,---~ 

LUN~R nANE---; 

SoL:rcc· Tcdrnical Facilitie~ Cutdlog fol. 11, 1974, ?· 8-103. 

SPACECRAFT UTILIH f'OLE 

8ASE ASSEMBLY 
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• 

• 



• Space Environmental Simulation Laboratory Chamber B 

5(MJ.~ SIII\UlATOll MOOUL!.S 

• 
MAN tOC~S 

=F IGUR(O FOR EXTRAVEHICUlAR MOBI lll'I UNIT - UJNAR QUALIF lf.AIION 

Sou:c.c: J'cchnical Facilities Catalug Vol. 11, 1~74, p. 8-107 • 

• 
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I. Space Environment Simulation Laboratory 
2. Houston, Texas 
J. NASA 
4. 1976 
5. NASA, Houston Public A.ffairs Office 
6. Exterior View of Chamber A 
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l. Space l!n"irorunent Simulation Laboratory 
2. Houston, Te><as 
.1, NASA 
4, 1968 
5. NASA, Houston Public Affairs Office 
6. Interior Vie" of Chamber A with Apollo Spacecraft 
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I. Space E<wii:olllllent Simulation Laboratory 
2. Houston, Te~as 
3. NASA 
4. 1969 
5. NASA, Houston Public Afhits Office 
6. l!igh-angle interior view of Chamber A showing three 

astronauts preparing to enter Apollo Spacecraft, 2TV-1 • 
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I, Space Environment Simulation Laboratory 
2, Houston, Te><aS 
3, NASA 
4. !969 
5, NASA, Houston Public A.ffairs Office 
6. Astronaut James B. Irwin entering Lunar Module 

Test Article-8 in Cha01ber B 
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UNMANNED SPACECRAFT TEST FACILITIES 

19, Spacecraft Magnetic Teat Facility (Goddard Space 
Flight Center) 

zo. Twenty-Five Foot Space Simulator (Jet Propuhi1>11 
Laboratory) 
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"'C'°C'°C'c"~--'-'-~' '-'":e .'.::?..':.':..':."l Te~-~CC"C'c'C'C'c'l''------------------------­
lnd,orcommcn S"acecrdft :iagnetic T~st r·an!i.iy 

2. Location 

stteel & numb,u 

e,cy. town Grcc,iLdL 

3. Classification 
c.,..,..,..,. 

•

_dlotrlct 
_ l>ulldlng(a) 
_;,_ otructu,. 

-"" _ Cl>/OC! 

Own.,•lllp 
----1i. pul>llc 
_p,IVl!I 
__ oo<" 
""bll" Aoqul1ltlan 
_ In proc,en 

,~. 

_ being contlde<l<I 

vicinity ol c011gruslon1I dlstl1a 

county Prince Genrqes 

sun.a 
__ occupied 

_ unoccupied 
_ w,:,rk In progreu 
A<:ceaalbl1 
-2!.... r,,s; rnlrtae,d 

- '"' \IIIN9!11C!9d 
00 

Pre_U_ 
- "l!•lcunu,.. 
_cam..,..clal 
_ l<lucstlonel 
_-..u.lnmant 
...x.._ gov1mment 

-- '""'"'"''-' mll~•'"I' 

4, Owner of Property 
name ,;·qt,0,1,al Aern,.~uUcs and Space Administration H,I\SI\) 

atreet l number 

nOI tor publlcaC!on 

c<><II on 

__ muuum _.,. 
_ pl1vata .-,nee 
_ rellgloue 
_;;_ ,cienttUc 
__ uanapona\lon 
...;,c._ olher: s ~ce 

Exploration 

c,ty, tawM ".l'cishington vicinity of at•t• D.C. 20546 

s. Location of Legal Description 

cour1Muoe. ,egrst,Y ot dH<ls. stc. National Aeron~ut ics and Space l\clmu, istra tion I '.!ASA) 

street&number Mal Property M~n~gement Offic;G Code NXG 

state D.G. 20546 

6. Representation in Existing Surveys 

le 
I 

titre Ms 1111, proll"ffr been oete,mlned ehg!ble? , .. 
oate ••• county local 

••l><lai!a,y ror survey records 

I 
C"';. town ••• 



7. Description 

Colldltlon 
__.._ excell•nt -­__ ,.1, 

__ deterlori,ted --ru,~ 
__ une~l)O&&d 

Chec:k -• 
_x_ unaltered --·~~ -·­._A- orl9lnal alie 

_ ....,.,,ltCII dale ------------ • 
The Spacecraft Magnetic Test Facility was built in 1966 and consists of a 
60-foot square building constructed of nonmagnetic materials, which contains a 
42-foot-diameter coil system. The coil, a 3-axis Braunbek system of 4 loops on 
each axis, provides cancellation of the earth's magnetic field over the central 
6-foot-diameter spherical volume, uniform to 0.0011 and stable to a half nanotesla. 
Geomagnetic fluctuations up to 16 Hz and+ 750 nanoteslas are eliminated by 
automatic servo-control from 3 remotelr-lOcated rubidium magnetometers, The 
coil can generate a stable artificial field from zero to 60,000 nanoteslas in 
steps of 0.1 nanotesla, The artificial lll8.gnetic vector can be rotated about 
any axis at rates of zero to 100 rad/sec. 

Accessories include nonmagnetic tracks and dollies to transport the test item 
in and out of the coil system, and an 8 foot-dia,oeter powered turntable at the 
coil center for positioning the test item, ~ foot-5 inch HelmhoHz coile to 
pro"ide de and ac field exposure up to 50 x 10-4 tesla for per,o and deperm 
treatment, and a sensitive nonmagnetic torque.meter capable of measuring magnetic 
torques of 10 K 10-7 Nm on test items weighing up to 4000 kg. 

The coil building is about 2 miles east of the Gaddsrd Space Flight Center, 
Access is through a truck lock. with doors lo\ feet by 15 feet high. Material • 
handling is accomplished ~1th s 3-ton monorail hoist in the truck. lock. and 
5000-pound-capadty fixed location hoists on the coil center line and outside 
the coil. Tne coil has a 10 foot-3 inch squa,ce opening and a clear interior 
work. space 25 feec in dian1ete,c " 17 feet-6 inches high. The coil building is 
air-conditioned to n1Sintain the dew point at 50°F or less. Cleanliness is 
maintained by passing all air introduced into the building through a bank of 
HtPA (high-efficiency particulate air) filters. A recirculating air system to 
maintain a higher degr:ee of contamination control in the work. space is available,1 

• 
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8. Significance 

.. historic 
-- 1400-1499 
_ 1500-1599 
_ 1600-1699 
__ 1700-1"9'9 
_ 1800-1899 
~ 1900-

AN•• of Slgnlnnnc.......Check and Ju•tlfJ" below 
__ archeology-prwh!starlc __ community p~nnlng -- lalld~ archlle,cl.ur•-- Nlllgion 
__ archeology-historic __ con..,..allon __ "• __ science 
__ agr!cullure __ economics __ ILteratura -- sculp\"re 
__ archll9crure -- education __ m!Blery -- social/ 
__ art L- englneerin,g __ music humanll.arian 
__ commerce -- explo,.tlon/sel'tlement -- phlio.ophy __ •-
-- communication, __ Industry __ pollllcali,o,,.rnment __ uanaportallon 

__ Invention ~ other (specify) 
s ace Ex loration 

Si,.c\flc datH 

Stalemant of Slgnlllcanca (In o- pataflraphl 

• 

• 

The Spacecraft Magnetic Test facility ia the only facility in NAS~'s 
inventory that makes it possible to.determine and to minimize the magnetic 
movement of even the largest unmanned spacecraft and observatories and 
thereby reduce unwanted to-.-ques due to the interaction of magnetic movement 
with magnetic vector. The limited evaluation of magnetic control systems is 
also possible as ls the final calibration of precision flight magnetometers in 
orbital configuration.2 

Without the \l8e of the Spacecraft Magnet1-c Test facility and information it 
provides in the testing of large statellltes, the United States would be "nable 
to successfully orbit and maintain the large variety of satellites that have 
provided information on weather, co!Dlllunicationa, earth resources and many other 
fields. The use and operation of this facility is essential to the continuing 
success of the l\/lledcan Manned and unmanned Space program. The Spacecraft 
Magnetic Test facility is unique and is not replicated anywhere else in the 

United States • 
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J. Technical Facilities Catalog Vol. l (Washington, D,C.: National Aetonautics 
and Space Administration, October, 1974), P• 5-15, 

2. Technical Facilities Catalog Vol. I (Washington, D,C,: National Aeronautics 
and Space Administration, March, 1967), pp, 7-16, 7-17, 
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1. Spacecraft Magnetic teat Facility 
2. Gt"eenbelt, Maryland 
3, NA.SA 
4. 1965 
5, NASA, Goddard Space Flight Center Facilities Office 
6. Exterior View of S1)acecraft Magnetic 'rest Facility 
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1. Spacecraft Magnetic Te9t Facility 
2. Greenbelt, MsrylBnd 
J. NASA 
4. 1971 
5. NASA, GoddBrd Space Flight C..nter Facilitie& Office 
6. Cuta\ffl.y View of Spacecraft Magnetit Teat Facility 
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1. Spacecraft Magnetic Teat Facility 
2. Greenbelt, Maryland 
3. NASA 
4, 1971 
5, NASA, Goddard Space Flight Center Facilities Office 
6. Interior View of Spacecraft Magnetic Teat Facility 

showing Lunar Rover Vehicle Test 
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6 . Representation in Existing Surveys 
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7. Description 

C-dltlon 
--2i... .xcellenl 

Ch•ck '"'" 
__ deteriorated __ un,!ter9d 

Check o ... 
_:t.._ orl9INI ,11e 
_ "'°vod d•le ------------ • -·- -- r,,1ln1 ___ att,red 

__ ur111xpoNd __ ,.Ir 

The 25-foot Space Simulator is at the Jex l"ropulsion Labo-.-atory {JPL) in Pasadena, 
California, It was built in 1961 to provide high-quality space aimulation for 
testing spacecraft under conditions of extreme cold, high vacuum, and intense, 
highly uniform collimated solar radiation,1 

The 25-foot Space Simulator chamber is a stainless-steel cylindrical vessel 27 
feet in diameter and 85 feet high; a 15-by 25-foot aide-opening access door is 
provided for test-item loading. A pe,csonnel door provides entry thro:';ih the 
access door, The minimwn operating press<Jre of the chamber is 5 x 10- torr, 
Th.e walla and floor are lined "1th therully opaque al1J111inum cryogenic shrouds 
controlled over a temperature range of -320° to +200°F by liquid or gaseous 
nitrogen, The off-axis solar simulation system consists of an array of 31 
xenon 20- to 30-kilowatt compact arc lamps, an integrating lens unit, a penetra­
tion window, and a one-piece collimato,, This provides a simulated solar beam 
that is reflected down into the test volume by the collimating mirror, which is 
temperature controll~d with gaseous nitrogen through a range of -100° to +Z00°F. 

The test volume ot the Simulator, 20 feet in diameter and 25 feet high, can be 
irradiated by a beam of simulated solar energy selected from a variety of beam. 
si~es and inte'1Sities. The maximum beam diameter is 18,5 feet, which can 
provide ~ntensities up to 2.1 solar constants, With a smaller collimating 
mirror and different integrating lens unit, a 9-foot diameter beam with inten­
sites up to 12 solar constants can be pn>vided, The spectrum is that of xenon 
arc lamps, as raodified by the simulator optics. A water-cooled douser is 
pro~ided to simulate eclipse of the sun. 

The si,nulnted space environment can be established in about 75 minutes. Test 
conditions can be terminated and access provided to the test item in about 2 

1/2 hours. 

A 1000-square-foot clean room facility is available for test article assembly 
and system test prior to enviromoental testing. An airlock separates the clean 

room from the Simulator, 

Test article (spacecraft) suspension within the Space Simulator can be provided 
by a variety of support systems, The chamber has wall-mounted attachment 
points at three levels, each capable of a 10,000-pound vertical load. These 
points can be u~ed to attach suspension cables or fixed hardware, 

The cooled chamber floor has openings that allow support columns for hardmounted 
support structure, These columns rest on an isolated seismic mass below the 

Simulator. 

• 
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A geosynchronous orbit simulation support system is available, providing one 
revolution per day with a fast advance and return capability and declination 
angle change, all possible in a vacuum, 

Special test article loading provisions can be accommodated, using either a 
movable monorail hoist or ramp system within the chaOlber. 

The 25-Foot Space Simulator is still in use by NASA and is likely to remain in 
use for m.any years to come • 
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Slatamenl of Significance (In one paragraph! 

The 25-foot Space Simulator has technological capabilities in simulating the 
environment of space and has strong associations with the unmanned space 
exploration p,:ogram of the United States. 

The 25-Foot Space Simulator is the only NASA facility capable of producing true 
interplanetary conditions of extreme cold, high vacuum, and intense solar 
rad1-atlon coupled with a 25 foot-test chamber that can accommodate most modern 
spacecraft. Its use of a collimating mirror to produce the intense solar 
radiation of space was the first system of its type when installed in 1966. 

Thi5 ability to cceate a true space environment has led engineers and scientists 
from Europe and Japan to study its m.any support systems in an attempt to build 

• similar facilities in those countries. 

Over the years spacecraft tested in this facility include Ranger, Surveyor, 
lfariner, Voyager and other spacecraft. The success of the American space 
program 1n exploring these planets has not been replicated by any other nation. 
One of the reasons for this success is the 25-Foot Space Simulator that enables 
JPL engineers to test their spacecraft in a true space environment and to locate 
and eliml11ate any problems befote launch. 

• 
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The Eight-Foot High Speed Tunnel is a landmatk in ~ind tunnel design. At the 
time of the construction of the High Speed Tunnel, NACA had only two small high 
speed tunnels (the 11" and 24" tunnels) to test aircraft design in speeds 
raneing from Mach 0,5 to Mach 0,9, ~hile useful, these small tunnels had two 
seven, limitations. First, the small size of th.ese tunnels meant than only 
small scale models could be tested. This meant that test results were suspect 
if hi)lh Reynolds numbers could not be obtained, Second, both tunnels were 
pow.,red by tl1e rapid blowdown of the VDT and were thus resnicted to tests 
lasting less than a minute. 

The Eight-Foot High Speed Tunnel solved both of these problems, It \aas large 
enough to acco,,,,.odate sizeable test models and even complete aircraft parts on 
o~.c~sion, It w,.s also a continuous flow tunnel that could operate almost indef­
initely therby giving the engineers aufficient time to run their tests snd to 
check theic test results. For the first time NACA engineers had a research tool 
tlul could supply high speed test results on a large scale, 

Ovu- the years NACA engineers continued to modify and upgrade the Eight-Foot 
h11Jh Speed Tunnel. After the Second World ~ar NACA engineers began to work on 
i,npcoving ,nnd tunnel performance in the transonic range (Mach 0.7 to Mach 
1,4). It had long been known that airflow within tb.e test section of a transonic 
wind tunnel diu not repcesent the actual conditions of free flight. The problem 
""s tha~ th" natural pattern of airflow in this range ia disturbed and altered 
by the e><ist,mce of the -,alls of the tunnel. This problero became se"ere in the 
acea of Mach land was kno>m as the tunnel choking effect. Until this problem 
wa~ solved accurate test results were not possible for transonic tunntels. 

Attempts to sol"e this problem by making smaller models proved unsuccessful 
when lo;,e~ Reynolds numbers were obtained. Attempts to eliminated the ;,alls of 
th" tunnel in the area of the test section also proved leSs than satisfactory. 
In 1946 Ray Wright at Langley analyzed the potentialities of a partially open 
or slotted wind tunnel wall. His results suggested that slots occupying about 
6 percent of the wall \aould closely duplicate free-air conditions.5 

Thh ~ol,nion was qtiickly applied to the Eight-Foot High Speed Tunnel, ln 
F"bruary 1950 the tunnel was shut dot.rn and slotted walls were added to the test 
s,•ction, The concept worked and NAc.A now had the first wind tunnel in the "orld 
tfldt would give accurate test results in the transonic range. Since all super­
sonic aircraft "°ulc! have to fly briefly in the transonic range, knowing wl1at 
happened to aircraft in this transition ~one was critical to the supersonic 
fighters and bombers being planned in the postwar era. The slotted wall concept 
was irnmediat~ly put to work testing the next generation of AIIlerican aircraft. 
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After Feb•uary 1950 the name of the Eight-Foot High Speed Tunnel was ch.anged to 
the Eight-Foot TTansooic Tunnel. !lefore the tunnel was phased out of operation 
in 1956 critical tests led to the d1SCO\tet:y of the fa111ous Area Rule which dic­
tated that the fuselage of supersonic aircraft should be constricted whei:e the 
wings are attached and then expanded at their trailing edges. This eliminated 
the possibility of generating strong shock waves behind an aircraft that can 
act as a drag on speed. 

Many modern wind tunnels are derived from the technology extended or developed 
at Langley by NACA engineers. The Variable Density Tunnel was the world's 
first pressurized wind tunnel. The Full Scale Wind Tunnel was exactly that, 
full scale and thus able to conduct important drag cleanup tests for modern 
aircraft. The Eight-Foot High Speed Tunnel was the first continuous flow high 
speed tunnel able to test larg~ models and actual working parts of airplanes. 
The addition of the slotted throat design was revolutionary for its time and 
gave accurate wind tunnel data in the transonic range. Many modern wind tunnels 
incorporate some variation ot these features of pressure, large scale, high 
speed, continuous flow, and slotted throat design. These three tunnels marked 
the emerging technological superiority of the American aircraft industry. 
After the Second World War this technology was to provide the base upon which 
Americans would begin to construct rockets that would eventually fly to the 
moon and beyond. 

• • 

• 
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The Pioneer Station (DSS 11) was the first deep space station to be constructed 
in the NASA Deep Space Network. It was built in 1958 and is at the Goldstone 
Deep Space Communicatio"s Complex near the north.east tip of Goldstone Dry Lake 
approximately 45 miles northwest of Barstow, California. 

The Pioneer Station antenna is a 26-meter large-diameter, polar mounted, 
steerable parabo11c dish. The parabolic dish h,!s a surface tolerance of 
approximately .125 inch and beamwith characteristics {0.1 degree) that 
permit efficient use of frequencies from 1 to 3 GHz. The antenna structure 
was designed for closed loop steering control. The 26-meter dish surface 
was constructed of punched alcm1inW!l panels bolted to an open steel framework 
mounted atop a 62 foot b.igh tower-like polar mount steering med1anism.l 

• 

The Pioneer Station antenna was pattecned after the radio a~tronomy antennas 
then in u~e by the Ca,negie Institute of Washington and the University of 
Hichigan. There were significant differences in the design, however. First, 
the Pioneer antenna incorporated a closed-loop device for automatically 
pointing the antenna at the space probe. The electrical simplicity of a 
steerable parabolic reflEctor 111ade this a good choice for maintaining 
continuous cont.let with the spacecnift. Second, to trade the space probe 
automatically, the antenna had to possess an electrical feed capable of • 
utilizing the space probe signal for driving the servo-control system. 
Third, the antenna had to operate without failure for many contirmous hours 
and without being impaired by <1ind or temperat<Jre. The single significant 
feature bonow~d from the radio astronomy antenna was th<l design of the 
gear system thdt moved the antenna, 'which "as a dual gear arrangement call 
an hour angle-declination mount. The axis about which the pohr, or hour 
a<>r.lc gear wheel rotated was parallel to the polar axis of the Earth and 
pointed precisely, at Polaris, the North Star. This axis provided antenna 
movement in an East-West direction. The declination gear wheel rotated 
abaut an axis parallel to the Earth's equator (perpendicular to the polar 
axis) and enabled the antenna to move North-South. The gear wheels could 
be mo"ed either separately or together. Because spacecraft move much like 
a celestial object in space after traveling several thousand miles from 
the Earth, it was natural to choose a mor.tnt that would steer the antenna 
from one horizon to the other at a sidereal rate, thus simplifying the 
mechanical complexity. All of these features were successfully incorporated 

i.nto the Pioneer Station antenna.2 

At the present t-Lme the Pion~er Station antenna is mothballed and in a standby 
status. Over the years il has become technologically obsolete and other 
NASA tracking stations no., cany tl10 burden of colTDnunicati<lg with the various 

;ictive ~pace probes. 

• 
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The Eight-Foot High Spe.ed Tunnel is a landmark in wind tunnel design. At the 
time of the construction of the High Speed Tunnel, NACA had only two small high 
speecl tunnels {the 11" >lnd 24" tunnels) to test aircraft design in speeds 
ranging from Mach Q.5 to Mach 0,9. While useful, these small tunnels had two 
sev,n:e limltations, first, the small size of these tunnels meant than only 
c<mdll scale models could be tested, This meant that test results were suspect 
if high Reynolds numbers could not be obtained, Second, both tunnels were 
power:cd by the rapid blowdown of the VDT and were thus restricted to tests 
lasting less than a minute, 

The Eight··l'oot High Speed Tunnel solved both of these problema. It was large 
""augh to accommodate sizeable test models and even complete aircraft parts on 
occasion. lt was also " continuous flow tunnel that could operate almost indef­
inhcly lherby giving the engineers sufficient time to run their tests and to 
chc,<"k their test results. For the first time NACA engineers had a research tool 
ttklt could supply high speed test results on" large scale. 

Over the years tiAGA engineers contin\led to modify and upgrade the Eight-Foot 
tcu.rh Speed Tunnel, After the Second World War NACA engineers began to work on 
;,,,proving "ind tunnel performance in the transonic range (Hach 0.7 to Mach 
l.4). H i,ad lo<1g been known that airflow "!thin the test section of a transonic 
wL,d tunnel did not represent the actllal c,;,nditions of free flight. The problem 
"as that t'le M.lural patcern of airflow in this range is disturbed and altered 
by the existe'l,:e of the walls of the tunnel. This problem became severe in the 
area of Mach l and was knor,rn as the tunnel choking effect. Until this problem 
was solved accurate test results were not possible for transonic tunnels. 

Attempts tc solve this problem by making smaller models proved unsuccessful 
when lowc, Keyrroids numbers were obtained. Attempts to ellminated the walls of 
the tunnel in the area of the test section also proved less than satisfactory, 
In 1946 Ray Wright at Langley analyzed the potentialities of a partially open 
or slotted wind tunnel wall. His results su,ggested that slots occupyirrg about 
6 percent of the wall would closely duplicate free-air condltions.5 

This solution was q~ickly applied to the Eight-Foot High Speed Tunnel. In 
February 19~0 the tum,el was shut dololil and slctted walls were added to the test 
section. The concept worked and NACA now had the first wind tunnel in the world 
that would give accut"ate test results in the t,ansonic range. Since all super­
SOt>J:C aircra!t would have to fly briefly in the transonic range, knowing "hat 
happened to ain:raft in this transition zone was critical to the supersonic 
fighteri and bombet3 being planned in the postwar era. The slotted wall concept 
was immediately put to wor~ testirrg the next generation of American aircraft, 
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l\fter February 1950 the name of the Eight-Foot High Speed Tunnel was changed to 
the Eight-Foot Tni.nsonic Tunnel. Before the tunnel waa phased out of operation 
in 1956 critical tests led to the discovery of the famous Area Rule which dic­
tated that the fus.,lage of supersonic aircraft should be constricted where <he 
wings are attached and then expanded at t~eir trailing edges. Thi~ eliminated 
the possibility of generating strong shock waves behind an aircraft that can 
set as a drag on speed, 

l1any modern wind tunnels are derived from the technology extended or developed 
at Langley by NACA engineers. The Variable Density Tunnel was the world's 
first pressurized wind tunnel. The Full Scale Wind Tunnel was exactly that, 
full scale and thus able to conduct important drag cleanup tests for modern 
aircraft. The Eight-Foot High Speed Tunnel <1as the first continuous flow high 
speed tunnel able to test large models and actual working parts of airplanes. 
The addition of the slotted tlu;oat design was revolutionary for its time and 
gave accurate wind tunnel data in the transonic range. Many modern wind tunnels 
incorporate some variation of these features of pressure, large scale, high 
speed, continuous flow, and slotted tlu;oat design. These tlrree tunnels marked 
the emerging technological superiority of the American aircraft industry. 
After the Second world war this technology was to provide the base upon which 
Americans would begin to constru~t rockets that would eventually fly to the 
moon and beyond, 

• • 

• 
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Footnotes 

1, Information taken for the description of the Spacecraft Propulsion Kesearch 
Facility ... as derived from the follo.,ing sources: 

Plum Brook Station (Cleveland, Ohio, Lewia Research Center, No Date), p.lb, 

Spacecraft Propulsion Research Facility "B-2" (Cleveland, Ohio: Le\o1is Research 
Center, May 1972), pp. 1-17. 

Technical Facilities Catalogue Vol. 1 (Waahington, D,C.: llatio11.Bl A&ouaut1cs 
and Spate A<lm1n1strat1on, 1974), PP• 4-89., 4-90. 
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1. Full Seal<! Tunne.1 
2, Hampton, Virginia 
3. NACA 
4. 1931 
5. NASA, T...!l.ngley Research Center 11:rchives 
6. Interior ~tew of teat section with Vought 03U-l 

.Ur plane 
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l. Full Scale Tunnel 
2. Hampton, Virginia 
J. NACA 
4. 1950 
5. NASA, Langley Research Center Archives 
6, Interior view of test section with submarine 

Albacore 
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l. Full Scale Tunnel 
2. Hampton, Virginia 
3, NASA 
4. 1978 
5. NASA, Langley 11£,aearch Center Facilities Office 
6, Modern interior vie~ of test aection 
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l. Full Scale Tunnel 
2, Hampton, Virginia 
3. NASA 
4, 1983 

5. NASA, Langley Research Center Facilities Office 
6. Modern view of the two Lour-blade fans that 

power the Full Scale Tunnel 
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l. Full Scale Tunnel 
2. Ha~pton, Virginia 
3. !!ASA 
4, 1981 
5, NASA, Langley Research Center Facilities Office 
6. Exterior view 
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1. '!1,enty-Five-Foot SJ>l!ce Simulator 
2. Pasadena, California 
3. NASA-JPL 
4, 1981 
5. JPL Facilities Off1cw 
{>. Interior View of Twenty-Five-Foot Space Simulator 

with test article 
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TRACKING STATIONS 

21. Pioneer Deep Space Station (G<Jldstone 
Tracking Station) 
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l. Unitary Plan Wind Tunnel 
2. Moffett Field, California 
J, NASA 
4, 1984 
5, NAS~, Ames Research Center Facilities Office 
6. E~terior view - The Unitary Plan Wind Tunnel is 

in the center of the photograph 
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ROC}(ET ENGINE DEVELOPMENT FACILITIES 

5. Rocket Engine Test Facility (Lewis Research Center) 

6. Zero-Gravity &£search Facility (Lewis) 

7, Spacecraft Propulsion Research Facility 
(LeRC Plum Brook Operations Division) 
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1. Name 

hls!orlc Rocket i:n,;ne '.'est Facility 

and.•orcommon Rork••\c l'rn?ubi.on ,.,~l >acil1~y 
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_museum 
_par~ 
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...x_ other: ~oacc 
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5. Location of Legal Description 
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6. Representation in Existing Surveys 

1,11. -----"-•-• .. this propeny oeon dolorm111e<1 e1,,,,,.oo,,,'_=cc'''"'~~-"""· 
oato --------- ------=='''~''"''''' ~= '"""e-=c· '"""""-"----· •-~-• 
d':£'~Sltory tor ourv"y ,eco,ds 

"~~ town oLa!e ---------



7. Description 

Condltlort 
.Lucellent 
- ,_, 
__ fair 

Check one 
_ deteriorated __ unaltered 
- ruins _L al18red 
__ unexpoH<I 

CMck one 
-JI.- original ,11e 

- - """'"" date ---

o .. crlboo the p,a .. nt and orlginal 111 known) phyalcal appearance 

The Rocket Engine Test Facility {RETF) Complex is an integrated stand-alone 
teat facility dedicated to the testing of full scale rocket thrust chambers. 
The complex is at the south end of the Lewis Research Center (LeRC), Cleveland, 
Ohio, and occupies approximately ten act"es of land. The complex includes two 
rnajo< buildings with extensive support services. Ttle REIF (Building 202) is 
used for sea level testing of vertically mounted rocket thrust chilmbers and 
SpdCe simulation testing of horizontally mounted rocket engines. The Rocket 
Operations Building (ROB) (Building 100) is located one-quarter mile north of 
RJ::Tf and contains the facility remote control room, a shop area, and general 
office space. This unique test complex has high pressure capabilities, the 
ability to test with a wide variety of rocket propellants, and space simulation 
capabilities for large area ratio rocket nozzle tests. 

The REIF was completed in the fall of 1957 at a cost of $2-1/2 million to test 
hydroeen-fluorine and hydrogen-oxygen rocket tht-ust cl1ambers. Tb.e facility 
Lest capabilities have been significantly upgraded since it was built. 

facility Systems 

The RJ,:TF consists of a 1325 square foot test cell containing two test stands, 
pressurized propellant run tanks and propellant flow line systems, and a rocket 
exhaust gas treatment combination scrubber and silencing muffler. A 4800 
square foot shop service building and 16 large volume high pressure {4000 to 
6000 psi) gas storage bottles are adjacent to the test cell. The support 
systems include permanent on-site bulk storage dewars for cryogenic liquid 
hydrogen, liquid o><ygen, and liquid nitrogen and a large water reservoir; all 
~c~ connecled to the test c:ell by permanent pipelines. Four small buildings 
including a pump house, helium compressor shelter, liquid hydrogen pump-­
vaporizer shelter, and an observation blockhouse are part of the test compleJ<. 

-

!Inch the hit(h thrust (20,000 lb) vertical test stand and the low thrust (to 
1000 lb) horizontal stand ei<hausts discharge into the common scrubber muffler 
system for to><icity and sound control. The scrubber system and facility founda­
tions are designed to accommodate rocket engines up to 100,000 lb. thrust while 
the present engine mounting and plumbing, controls and instrumentation limic 
testing to a maJ<imum of 20,000 lb. thrust. The scrubber system consists of a 
100-foot long horizontal tank, 25 feet iri diameter containing siJ< water spray 
banks connected to a vertical stack. 20 feet in diameter (which necks down to 6 
teet in diamenter) by 11!! feet high. During a run, water from the reservoir 
tank flows to the eJ<hausC scrubber at a rate of 50,000 gallons per minute. The 
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hot gases, emergi[lf; from the rocket nozzle at velocities of 9000 to 12,000 feet 
per second and temperatures of about 6000°F, are met with a drenching spray of 
water and quickly cooled to steam temperature and slowed to a velocity of about 
25 feet per second. Additional water sprays condense the steam, and nonconden­
sable exb.aust gas emerges from the stack below i60°F and a velocity of about 20 
feet per second. Water from the scrubber is ducted to a detention tank for 
treatment and then discharged to the ground water system. 

Th<= 1984 modifications provide a space simulation test capability fo, the study 
of extremely large area ratio nozzles (to 1000,t) on soiall, low thrust roc\t;at 
engines. The modifications include a large vacuUiil tank which houses the rock"t 
engine, a long, water cooled diffuser section into which the hot engine exhat1st 
is It1nneled, an inter-cooler for cooling the e~h.sust gases, and two gas ejectors 
to provide the pumping necessary to maintain the low vacuum en~it:onmcnt durine 

testing. 

Nine individual propellant syst«ms comprised of run dewars and tanks with 
working pree<~ure ranging from J~OO to 6000 psi are operational and pHmancntly 
connected to the test stands with stainless steel, vacuum, or liquid nitrogen 
jacketed pipelines. These systems provide the capability to cest the thrust 
chamber "ithout the need for high pressure rocket turbomachinery and plllllps. 
The separate propellant systems are integrated to support a particular rocket 
technology program on an as-required basis. Hydraulic, variable position 
valves control bott, the pressurant gas flow to the run tanks and the propellan[ 

flow to the rocket chambers under tests. 

The primary liquid hydrogen, liquid oxygen, cooling wat.,r, and hydrocarbon 
propellant systems are rated at 5000 psi working pressure. Currently, ga~ec,,s 
hydrogen at 4000 psi, gaseous helilllll at 6000 psi, and gaseous nitrogen at 3000 
psi are being stored. A nominal 500,000-gallon \Oater storage res0crvofr supplies 
the scrubber and mutfler ,is well as providing a source of water for the 650 
gal/min and 1400 gal/min (at 450 psi) purnpB and for cooling the rccket altitnde 
simulation system. On-site bulk storage of liquid nHtogen (28,000 gJllons) 
liquid oxygen (2,000 gallons), and liquid hydrogen (18,000 gallons) support the 
Rocket J;ngine Test Facllity, On-site gas-puinping equipment in servlce at RETI' 
supply gaseous ltydrogen at 4000 psi, gaseous helium (automated) at 6000 psi, 
and gaseous nitrogen (automated) at 3000 psi to the various gas bottle tar~s. 

A flare stack, at the top of the scrubber stack, providea the facility witll the 
capability for open air burnotf of non-regenerative hydrogen, dhcharged from 
thrust chambecs at rates up to 5 pounds per second, 
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ln the test tell integral COz and water deluge fire sui,pression systems and 
strategically located concrete blast walls aid in damage control if a rocket 
chamber fails under test. Hydrogen gas detectors are throughout the facility 

to "arn of potentially hazd.rdous hydrogen leaks. 

Control and Instrumentation 

The RETF test stands are remc,tely controlled from the "ell equipped control 
room in ROB. Manual, automatic timed, and computer electrical units control 
the facility instrumentation, data acquisition, hydraulic servo systems, valve 
oi,eration, and the rocket engine ope.ration from that loca.tim,. Solid state, 
programmable flow controllers and sequence timers provide automatic propellant 
flow control, remote sequence timing, and automatic premissi'le and cut-off 
cuntrol fur the rocket engine under tests, facility safety monitoring is also 

provided. 

Data are processed through a ZOO channel high speed ()lK H~) digiti~er 
multiplexer data acquisition system and fed by a direct digital data link 
to the Lewis Research Center central data system (IBM. 3033 TSS dnd Cray 1-S 
computers). This system provides on-line data reductLon capabilities to the 
control room via hardcopy terminals at1d CRTs located at ROil, Analog data 
systems provide "quick look"" test data through four oscillograph cecorders. 
System pres~ures are displayed on panel meters in the control room for facility 
.~mote control. Closed circuit television systems and a sound monitoring 
syscem provide real time ddta necessary for the remote control ot rocket tests. 
A facility intercolDIIlunication system, and emergency communication system, and 
two independent telephone systems all provide the communications network 
necessary for safe rocl<.et test operations.I 
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8. Significance 

Period 
__ p_i,torlc 
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A,. .. c,f Slgnlllcanc.......Ch..,k aNI J"stlfy 0-low 
__ .,ctieoloyy-prehl8'orlc _-_ community planning _ lancl&cape archl!ec\ure- religion 
__ .,cheology..,/storlc __ c......,..•tlDn __ law _x__ 11cience 

-- llll•kulture __ economic. __ ll19<8Nre - sculpture 
__ a"'hllecture _ ..tugrtlon ___ ml\ll.lry __ - social! 

__ art ~ •nglneerlng __ n'U,lslc humani1arlan 
__ commerc, __ uploratlonleertlemenl __ phllosopny __ theater 

__ communlcstl<in• __ Industry -- poHll«igovemm,nt _ -- transportation 
__ Invention _I_ ott,er (specify) 

Spilce c:xplci~ation 

9.,.cllle date• 19S7-Dresent 

91..atamallt of Sl9n1Hcenc. {In one parasra,,hl 

The Rocket Engine Test Facility (RETF) is nationally significant because of its 
contribution in the development of the lighweight, regeneratively cooled hydrogen 
engine. The RE1'F was built in 1956 by the National Advisory Committee for 
Aeronautics (NAG/I.) at the Lewis Research Center for the purpose of sea level 
testing of vertically-mounted rocket engines, The construction and use of the 
RETF was the next logical step in the continuing lllission of the Lewis llesearch 
Center in the field of aircraft propulsion systems. 

The Lewis Research Center was from the beginning of its history a propulsion 
center for the National Advisory Committee for Aeronautics. It was from this 
early work which bridged the transition from reciprocating engines to newer gas 
turbine jet engines that Lewis made its early mark for NA.CA, In the years 
immediately before t~e creation of NASA in 1956 technical personnel at Lewis 
begin to experiment with the possibilities of using hydrogen as a rocket fuel, 
Hydrogen was a desirable fuel because of its low weight and high specific 
impusle. It wa$ a powerful fuel that appeared to hold promise in the development 
of high performance rocket engines. Hydrogen was also a dangerous fuel to 
handle due to the possibility of explosion and the need to use exotic oxidizers 
such as flourine dnd oxygen. 

By the late 1950s researchers at Lewis became con~inced that the desirability 
of using hydrogen-oxygen as a fuel for upper stage rockets "as not only desirable 
bot practicable. This data on the use of liquid hydrogen-oxygen combination 
developed at Lewis in the RETF was rapidly put to use by NASJ\. contractors in 
developing liquid hydrogen rockets for the American Space Program. 

The specific accomplishments that resulted from this work at the Rt:TF were the 
development of the RL-10 engine for the Centaur rocket, the J-2 engine for the 
Saturn rocket, and hydrogen-oxygen engines currently used by the Space Shnttle, 
The development of the technology needed to handle liquid hydrogen-oxygen cannot 
be overestimated, The use of the Centaur· and Saturn rockets have made possible 
the American exploration of space in both the manned Apollo program and the 
unmanned program to explore the planets and the solar en~ironment, The technol­
ogy used to build the Centaur, Saturn, and current Space Shuttle rockets ca" bu 
directly attributed to the work of the Lewis Research Center in elm ){ETF in its 
effort to support the continuing propulsion needs of NASA t~r its many space 
programs and missions • 

The RETf io an active NASA facility that is now engaged in research to improve 
rocket technology programs in support of the Advance Space Shuttle, Orbit 
Tt:anafer Vehicle~, and the newly announced Space Station Project. 
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1, Spacecraft Propulsion Research Facility 
2. Sandusky, Ohio 
3. NASA 
4, 1981 
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ROCKET ENGINE TEST STANDS 

a. RedBtone Test Stand {George C. Marshall Space 
Flight Ce'1ter) 

9. P,;opulsion and Structural Teat Facility (Ka.rsh.all) 

10. Rock"t Propulsion Test Complex (National Space 
Technology Laboratories) 
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1. Zero Gravity Reaearch Facility 
z. Cleveland, Ohio 
3. NASA 
4. 1982 
S. NASA, Lewis Research Center Facilities Office 
6. Cutaway section of the facility 
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1. Zero Gravity Research Facility 

' . Cleveland, Ohio 
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' . NASA, Lewis Facilities Office ,. Exterior View 

I 



• 

• 

I 



J. Zero Gravity Research Facility 
2. Cleveland, Ohio 
). IIASA 
4. 1982 
5, KASA, Lewis Research Center Facilitiea Office 
6, Exterior View 
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t. Rocket Engine Test Facility 
2. Cleveland, Ohio 
3. NASA 
4. 1976 
5. KASA, Lewis Research Center Facilities Office 
6. Rocket Engine Teat Cell 
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The Spacecraft PJ;opulsion Research Facility is at the Plum &oak SUtion of thte 
Lewis Research Center. This facility is designed for hot firings of full-size 
space vehicles in an environment simulating conditions at an orbital altitude 
of 100 miles.I The major elements that support this facility are a test building, 
an equipment building, a three stage exhaust systet11, a waste treatment retention 
pond, a propellant oxidi~er and fuel storage area, an electrical substation, a 
refrigeration system and a service building. 

The Spacecraft PTopulsion Test Building is more than 70 feet high end extends 
176 feet below grade. The below-grade spray chamber is 67 feet by 119 feet in 
diaoneter and holds 1,750,000 gallons of >1ster. A 2,5-million-gallon retention 
pond ts northeast of the test building. The three-stage stesm ejectors are in 
the back of the test building snd an 11 foot diameter duct connects tl\em to the 
spray chamber. The vacuum test chamber is a stainless steel cylinder that can 
accommodate space vehicles up to 22 feet in diameter and 50 feet high, Tvo 6 
foot 6 inch access openings are provided at the top and bottom of the test 
chamber, Five 8 inch viewports are provided at the top, centeic, and bottom of 
the test chamber for TV monitors. The test chamber is provided with a 27 foot 
access door for test.spacecraft articles, The heat sink of space is simulated 
by a Liquid Hydrogen cold wall (maintained at -)2()0F) consisting of copper 
tube-in-strip panels surrounding the inside wall and top dome of the test 
chamber. TW"elve columns of quartz infrared lamps spaced along an arc of the 
inside wall of the test chamber simulate thermal radiation and heat from the 
son, 

In operation, art entire. vehicle can be vacuum '"soaked"" to the proper envir­
onmental space conditions in preparation for engine test firing. With the 
-32QOF cold walls and 5 X 10-8-torr vacuum, rocket engines can be ignited 
in the chamber under space conditions. As chamber pressure builds up because 
of the exhaust gas, an 11 inch dismeter valve opens in 0.4-second to connect 
the chamber to a steam ejector system. 1"wo parallel st<!am ejectors remove the 
engine exhaust products from the chamber while maintaining a moderate vacuum 
level, Three large dump tanks are in the exhaust spray chamber to receive 
JJ'"Opellants in an emergency situation, 

The exhaust system includes a 250,000-gallon-per-minute water spray system for 
cooling the rocket exhaust, The spray systein water is recirculated through the 
1,75-million-gallon catch basin under the chamber. 
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The Spacecraft Ptopulsion Research Facility's significance reata in its 
association with the development of the Centaur Rocket. Thia facility is the 
only one in NASA's inventory that can hot fire a large rocket while simulating 
the vacuum, cryogenic temperatures, and thermal radiation of space. The dupli­
cation of this space environment was crucial to the development of the Centaur 
Rocket which was designed to fire from Earth Orbit to send vehicles to explore 
the planets and Solar System. The Centaur upper stage rocket has launched some 
of America's most important apace probes including the Pioneer, Viking and 
Voyager Spacecraft. The successful development and use of the Centaur was due 
in large measure to data that was collected from successful test firings of 
Centaur engines in this facility. 

The importance of the Spacecraft Propulsion Research Facility is in its unique 
technical capabilities and its association with the Centaur research and devel­
opment program, At the present time this facility is maintained by NASA on a 
standby status, 
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Recovery System - After the experiment ,rnhicle has traversed the total length 
ot the vacuum chamber, it is decelerated in a 12-foot diameter, 20-foot deep 
container which is centered on the vertical axis of the chamber and filled with 
small pellets of expanded polystyrene. The deceleration rate (averaging 32 g) 
is controlled by the flow of pellets through the ares between the experiment 
vehicle and the wall of the deceleration container. Thia deceleration container 
is mounted 
operation. 
vehicle is 

on a cart that is retracted prior to utilizing the IO-second mode of 
In this mode of operation, the cart 111 deployed after the experimental 

projected upwards by the pneumatic accelerator. 

Tb.ts facility ill in active service supporting present space shuttle experiments . 
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The Zero-Gravity Facility is significant because it is the only such facility 
in NASA's inventory that can study the behavior of liquids in a low gt"avity 
environ~ent. A knowledge of the characteristics of liquids in a space vehicle 
is important to design engineers, Information concerning liquid sloshing which 
can change the center of mass of a space vehicle and thus effect vehicle stability 
and control is absolutely essential to the successful performance of liquid 
high energy space vehicles such as the Centaur and Saturn upper stages. The 
study of the effects of liquid sloshing on the performance of upper stage 
liquid rockets was therefore essential to the successful completion of the 
Objectives of the Aroerican Space Program. 

The Zero-Gravity Facility is the only such facility of its type in the world 
and is directly linked to the development of the Centaur and Saturn upper stage 
rockets, which have transported Am.ericans to the moon and sent American space 
vehtclcs such as the Viking, Voyager, and Mariner spacecraft to the planets. 
Research and data developed here involving the physics of liquids in a zero­
gravity environment was indispensible to the successful development of these 
high energy liquid fueled rockets. 

• I 
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National Aeronautics and Space Ad1ninistration, September 1969), pp. 22-4 • 
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T!•e Solid Rocket Mot<lr Structural Test Facility (Building # 4~72) was constr· 'u., 
ic, 1957. It is in the i,;ast Test Area of the !larshall Space Flight Center. ··,,1~ 
bdlHy is a tw,,-posHion test stand "'ith a concrete foundation, reinfocc.ed 
c:oncccte load fr,Jrne, and ste<=l structural frame. The test stand is 175 feet 
1,av1 mid 20 fe.el x 30 feet d.t its base. The support shop, office space, ,ind 
'"d:r.inal roolU occ,.i~y lJ,360 bquare feet of area. The test stand is equ,~ped 
,.,,,t « l~i)-ton overhead crane. a<ld a 45-ton gantry cr.,.ne {Building //~57Ji, 
Control dnd i,islrumentation are provided by the East Test Area Blockhous,, " 
c~t, le T,,nn<ll ~ ( Building #4570) , ,,,1th connections to the compute,-conuolled 
d-,td acquisiliOLL sy~Lem in the Structures and Mechanics Laboratory. 

One' posttion of the test st.rnd can static fire L.6-million pe>unds of thrust 
stagces l..>r en;;ines utilizing LOX/ke~osene propellants and can accommodate 
stag6 ~2 feet ~ 22 feet. The other position has been modified to accos1modate 
sul.id «Jcket booster static testing. Modifications included enlarging and 
endosult the west flame trench to «ccept the. test booster. 

'l'lle Solid Ro~b 0 t T~st facility ts active and is expected to provide continuuc, 
sup1>ocL to the development and testing of ne.,,. advaLlced rocket motors and ~~hicks 

r,,c y~ar~ to come. 
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The ~olid Motor Stcuctural Test l'acility was built by the United States Army Hl 
!9)/ to support testing of the Redstone and other rockets then under development 
t>y Ill<' Army Ballist_ic M1~sile ~ency at Redstone Azscnal. After the estahllshm~nt 
of tlte Nnlional Aerouautlcs atid Space Administration the Solid Motor- Structurnl 
Te5t facility was trdnsfnred to NASA's George C. Marshall Space Flight Center 
within th" bound<ari.es of the Redstone Arsenal. During the next few y~ars the 
M.ushal l Spa,e Flight Center became the primary NASA Center responsible for the 
devdopment of ldree Launch vehicles and rocket propulsion systems. During the 
196Us, under the leadership of Dr. Werner von Braun, the Marshall Space Flight 
Center developed the Saturn l'amily of launch vehicles. The Saturn l was the 
!aun~h v~hicle for the Pegasus meteoroid detection satellite. The Saturn 1-B 
was ust>d tor Apollo spacecraft dcvdopment and orbital maneuvers and for th~ 
Skyial> and Apollo-Soyuz missions. The Saturn V was the launch vehicle for the 
f:/trth othi.t<tl mbslons and eventual moon landing missions • 

Th,, Solid Rodcc•t :1otor Structural T"st Facility is one of the oldest rocket 
motor Le~t fanli.ti.<'S ,st the Harsh.all Space Flight Center. It has supported 
te&till/C of th~ Army Redstone Rocket, the Saturn S-JB vehicle, ,ind F-1 engi.n~ of 
\hp Saturn 1-C vehic.le employed in tbc Apollo progrdm. Aftu the <.:ompletion of 
the Salurn devdopmcnt program one position of the t~st stand was modified LO 

dCCoruruo<late static testing for the Solid Rocket booster currently used in the 
Sp.~CP Shuttle Program. The Solid Rocket Motor Structural Test Facility, throogh 
its continual use and development over the years since 1957, has played a part 
in the testing of every important rocket developed by the Redstone Arsenal and 
]dt;er the Marsh.all Space Flight Center, Through its continual use and modifica­
tion to meet the deroands of new programs, 1t is illustrative of the primary 
mission assigned to tl\e Army Ballistic Missile Agency and the George C. Marshall 
Space Flight C~nter--the development of large launch vehicles and p,opulsion 
systems needed to support the American Space Program. The launch of the Apollo 
missio:-is to the moon were srectacular, but without the support p,ovided by the 
)!ars;«<ll Space Flight Center and the years of testing of rocket boosters at lhc 
,,,,] id Kocket 'lotor Test Facility, tl1e Alll<.>rican Space Program "'ould never have 
··.,c,,~cded. 
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The Zero Gravity Research Facility ia at the Lewis Research Center in Cleveland, 
Ohm. It is the only know facility of its size in the free world capable of 
performing t~sts in a reduced gravity enviroD111ent. lt has successfully supported 
researchers involved in the Manned Space ProgTam (Mercury, Gemini and ~pollo), 
and the Centaur Program. Host research tests involve behavior of components, 
systems, liquids, gases, and combustion when under the influence of reduced 
gravity or low acceleration environments .1 

This facility consists of a concrete-lined, 28-foot diameter shaft that exctends 
510-feet below ground level, A steel vsculllll chamber, 20-feet in diameter and 
470-feet high, is contained within the concrete shaft. The pressure in this 
vacuum chamber is reduced to 13,3 newtons per square meter (1,Jx;I0-4atm) 
before use, 

The ground-level service building has, as its major elements, a shop area, 
control room, and a clean room. Assembly, servicing, and balancing of the 
ex;periment vehicle are accomplished in ·che shop area. Tests are conducted 
from the control room, which contains controls for the .. pump down" of the 
vacuum chamber, the experiment vehicle pre-drop checkout, release and the data 
retrieval sy$tem. Those components of the experiment that are in contact with 
the test liquid are prepared in the facility's clean room, The major elements 
of the clean room are an ultrasonic cleaning system and a laminar-flow work 
station for preparing those experiments requiring more than nor..,.1 cleanliness. 

Mode of Operation - The Zero-Gravity Facility has two modes of operation. One 
is to allow the ex;periment vehicle to free fall from the top of the vaculllll 
chambe:i:, which results in a nominal 5.15 seconds of free fall time. The second 
mode is to project the ex;periment vehicle upwards from the bottom of the vacuum 
chamber by a high-pressure pneumatic accelerator on the vertical axh of the 
chamber. The total up and down trajectory of the experiment vehicle results in 
a nominal 10 seconds of free fall time. 

In either niode of operation, the experiment vehicle falls freely; that is, no 
guide wires, electrical lines, are connect~d to the vehicle. Therefore, the 
only force acting on the freely falling experiment vehicle is due to residual­
air drag, This results in an equivalent gravitational acceleration acting on 
the experiment, which is estimated to be of the o,der of 10-5 g or better. 
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Th<e Aines Unitary Plan Wind Tunnel Complex is a landmark in the development of 
cooventional wind tunnels and represents the continuing effort of the National 
11.dvisory Committee on Aeronautics to provide tb.e American Aircraft and Aerospace 
industries with the best research facilities possible to insun, the tecb.nological 
superiority of the industry. It provides the logical crossover point from NACA 
to NASA and hdS contributed equally to both the development of advanced American 
aircraft and manned spacecraft. 
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UNlTAR'i PLAN FACILITY 

The Unitary Plan Facility is a unique system of <,ind tutrnels comprised of three 
test se<:tions: an 11-by 11-Foot Transonic Tunnel (Mad, 0,40 to 1.40), a 9-by 
7-Foot Supersonic Tunnel (Mach 1,55 to 2.50), and an 8-by 7-Foot Supersonic 
Tunnel (Mach 2.45 to 3.45), all capable of operating at variaole Hagnation 
pre~sures, The major comomn element of the tunnel complex is its drive system, 
consisting of four intercoupled electric l!lO[ors that can provide 134.23 MW 
(180,000 hp) continuously,l 

11-B\.' II-FOOT TRANSONIC !HND TUNNEL 

The 11-by II-Foot Transonic \/ind Tunnel is a closed-return, variable density 
tunnel "ith a fixed geometry, ventilated throat, and a single-jack flexible 
nozzle. Afrflo" is produced by a three-stage, axial-flow compressor po,.ered 
by four "ound-rotor, variable-speed, induction motors. For conventional steady­
Stdt~ tests, models are generally supported on a sting. Internal strain-gage 
baLrnces are used to measure forces and moments. A scb.lieren system is available 
for studying tlow patterns, either by direct vie,.ing or by photographs, as "ell 
as a system for obtaining SI X 101 cm (20 X 40 in.) shadowgraph negatives.2 

9-IIY 7-1''00I SUPrnSONIC WIND IUNNJ-,L 

The 9-by 7-Foot Supersonic Wind Tunnel is a closed-return, variable-density 
tunnel equLpped with"" aaymmetric, aliding-block nozzle. The test section 
Hach number can be varied by t,analating, in the streamwise direction, the 
fixed contour block that fo,ms the floor of the nozzle. Airflow is produced by 
an 11-stage, axial-How compressor powered by four variable-speed, "ound-rotor, 
induction motors. Fo, conventional, steddy~state tests, models are generally 
suppo,ted on a sting. Internal strain-gage balances are used to measure forces 
and moments. A schlieren system is available for studying flow patterns, 
either by direct viewing or by photographs, as well as a syst<!III for obtaining 
51 X 51 cm (20 X 20 in.) shadowgraph negatives.3 

8-BY 7-FOOT SUPEII.SONIC WIND TUNNEL 

• 
The 8-by 7-Foot Supersonic Wind Tunnel is a closed-return, variable-density 
tunnel equipped with a symmetrical, flexible-wall throat (tb.e side "alls are 
positioned by a ~eries of jacks operated by hydraulic motors). The upper and 
lower surfaces are fixed. Airflow is p-.-oduced by an 11-stage, axial-flow 
compressor powered by four variable-speed, wound-rotor, induction motors. For 
conventional, steady-state tests, models are generally supported on a sting • 
Internal strain-gage balances are used to measure forces and moments. A schlie­
ren system is available for studying flo~ patterns, either by direct vie~ing or 
by photographs, as well as a system for obtaining 51 X 51 cm (20 X 20 in.) 
shadowgraph negatives.4 
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The M\cs Unitary Plan Wind Tunnel is significant because. it represents the 
coatinual developmeC1t <.>f supe<iut: technical aeronautical research facilities 
aft.,,· the end of tlie Second World War. These research facilities form.ed the 
foundation upon "'hich the National Aeronautics and Space Atlministration "'ould 
dr.aOJ in 1958 to launch the American effort to land a man on the moon. 

Si'1ce th~ construction of the Variable Density Wind Tunnel at Langley in 1921 
the National Advisory Committee on Aeronautics (NACA) h.ad built an impressive 
v.ariety of technical research facilities upon "'hich the American aircraft 
industry OJaS based. These technical facilities had enabled the American aircraft 
indust.y to produce the airplanes that dominated the skys in both commerical 
and ~ilitary applications. By 1945 the American lead in this field seeraed to • h<' evaporatiHg. The technological achievements of the German missiles and jet 
nirc,aft indicated a lag in American aeronautical research. To assume techno­
lot\lC·Cll lcadcrsilip, the Federal Gu""rnment proposed a coordinated national plan 
of tacility construction that "'ould encompass not only NAGA, but the Air Force, 
industry, ,,nd universities as well. This plan, krt0""1 ns the Unitary l'lan Act, 
pas·h'd Congress on October 27, 1949, and resulted in the construction of ari 

• 
- .. tire new series of wind tunnel complexes to support the Alllerican 11.ircraft 

ind,,stry.5 

Th~ Junes Unitary Plan Wind Tunnel Complex was a produU of this legislation. 
Crn1stn,ction of the facility began in 19'.>0-1951 and lasted until 19'.>5, Because 
no one "ind tunnel could meet all of the demands for additional researcll facili­
ties simulating the entire range of aircraft and missile flight, NACA chose to 
build the Am.es turrnel ,nth three separate test sections dra.,ing power from a 
common centralized po.,er plan. The transonic test section spanned ll " ll 
feet, while the two supersonic sections .... ere smaller, 9" 7 feet and 8" 7 
feet. Giant valves 20 feet in diameter supplied afr from one supersonic leg to 

another. 6 

The American "est coast aircraft industry quickly capitalized on the Ames 
Unitary Plan Wind Tunnel Complex. The famed Boeing fleet of commercial trans­
ports and the Douglas DC-8, DC-9, and DC-10 OJere all tested here. In addition 
such military aircraft as the F-111 fighter, the C-SA transport and the B-1 
bomber were tested. In addition to aircraft, in the 1960s and 1970s almost all 
NASA manned space vehicles incloding the Space Shuttle "ere tested in the Ames 

Unitary Plan Wind tunnel complex.? • 
J 



' 

• • 

• 

United States Department of the Interior 
National Park Service 

National Register of Historic Places 
Inventory-Nomination Form 

11am number 7, 8 

Footnotes 

.... 

1. Much of the material in Section 7 and 8 of this -.-eport has been adapted from 
Donald U. Baals and William R. Corliss, Wind Tunnels of NAS~ (Washington, 
D.C.: National Aeronautics and Space Administration, 1981), PP• 25-8. 

' . Ibid. , "· ,. Ibid., "· 
' . George ,. Gray, Frontiers of Fli1:,ht: ,,. Storr of NACA Research (New York: 

Al heed A. K11opf, 1948), ,,. 42-43. 

' . Baals, ,, . 62-63. 
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Deacr\lH lhe preaanl allCI orlglnat Ill known) phweical appearance 

The Ei,:ht-f'oot High Speed Tunnel is a single-return 
with an 8-foot diameter closed-throat test section, 
tionnl in 1936 and at that time had a ma~imum speed 
8,000-horsepower electric motor/fan. 

atmospheric pressure tunnel 
The tunnel became opera­

of Mach 0.75 driven by an 

• • 

• 

The design of the Eight Foot High Speed Tunnel was complicated by two problems.l 

The first problem involved the effect discovered in 1736 by the Swiss 
mathematican Daniel Bernoulli who observed that as the velocity of flow in a 
duct is increased by constricting the cross sectional area, the static pressure 
of the fluid drops. In wind tunnel design, this 111eans that the air pressure in 
the chamber containing the high-velocity test section will be lower than in the 
rest of the tunnel. Thus, for the tunnel, the test challlber had to withstand a 
powerful, inwardly directed pressure. 2 

One method to solve this problem would have been to construct a welded steel 
pressure vessel around the test section. In an effort to solve the pressing 
unemployment problem then existing as a result of the Depression, IIACA engineers 
decided to use locallr available unskilled labor and build the entire tunnel of 
reinforced concrete. An igloo-like structure around the test sections was 
built with walls l foot thick. The igloo was essentially a low pressure 
chamber--just the opposite of the VDT. Operating personnel in the igloo were 
subjected to pressures that were the equivalent of 10,000 feet altitude and had 
to wear oxygen maska and enter through airlocka.3 

The second new problem that was created had to do with the mechanical energy 
that the 8,000-horsepower fan added to the airstream. NACA engineers calculated 
that this additional heat would cause the temperature within the tunnel to rise 
ten degrees per second until it reached the stage at which the amount of heat 
seeping through the concrete walls would equal the input of heat from the fan. 
Before this would happen the temperature within the tunnel would reach several 
thousand degrees. 

The task of providing a cooling system was given to Russell G. Robinson who 
devised a ventilating tower that periodically allowed a small amount of heated 
air to escape in exchange for fresh cool air. This system proved to be sucessful 
and was accomplished with a loss of only one percent of power. This same 
principle was later applied to many other high speed tunnels.4 

The Eight-Foot High Speed Tunnel was repowered in 1945 to 16,000-horsepower. 
By 1950 a slotted throat deaign was added to the test section that enabled the 
tunnel to be operated as a transonic tunnel. ln 195.3 the tunnel was repowered 
to 25,000-horsepower to yield a speed of Ma.ch 1.2. A schlieren apparatus was 
also added to the test section of the tunnel to increase the capability for 
visual flow studies. 
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1. Rendezvous Docking Simulator 
2. Hampton, Virginia 
3. NASA 
4. 1984 
5. NASA, I..a.ngley Research Center Facilities Office 
6, EKterior view of ventilating tower 
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Air flow 

• • 
Light-Foot lligh Speed Tunnel 

Test Section 

SchHeren windows----

Slot origin 

Test chamber 

Cer1ter of 
Clligle ·of-attack 

rotation 

~--S!olled region• !60" ----1 

104.08" 

angle coupling 

Foo 

Source Characteristics of Nine Research Wind Tunnels of the Langley Aer,mautlcal 
Lahoratory (Washington, D.C.: National Advisory Co1111nittee for Aeronautics, 
19S7), p. 21. 

.. 



l. Eight-Foot High Speed Tunnel 
2. Hampton, Virginia 
3. NII.SA 
4. 1981 
5. NASA, Langley Research Center Facilities Office 

6. l!,xterior View 
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l. Spacecraft Propulsion Research Facilty 
2. Sandusky, Ohio 
3, NASA 
4. 1969 
S. NASA, Lewis Research Center Facilities Office 
(,. Aerial View 
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1. Rocket Engine Test Facility 
2. Cleveland, Ohio 
3. NJ.SA 
4. 1981 
S, NASA, Lewis Research Center Facilities Office 
6, Interior, exterior views and capability 

statement 
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• NASA 
C-81-Jll 

Lewis Research Center 

- .. 

• • 
N/1511 

CAPABILITIES 
• MULTI-PROPE1..LANT--LH2, L02, N204, 

N2H4, RP-1 

• DUAL TEST POSITIONS 
-100 to 1000LB5 THRUST 
-1500 to 50,000LBS THRUST 

• CHAMBER PRESSURE- to 4000 PSJA 

• CYCLIC TEST-200 TESTS PER DAY 

• NOISE AND CHEMICAL mEATMENT 

PROGRAMS 
• INJECTOR TECHNOlOGY FOR RL-10, 

J-2 AND SSME 
• 100,000 THRUST CHAMBER LIFE TESTS 

• FIRST LOX COOLED ENGINE 

• HYDROGEN COOLING TECHNOLOGY 

• COMBUSTK)N ST ABILITY TECHNOLOGY 



1. Lewis Resesrcn Center 
2. Clevelsnd, Ohio 
3, NASA, Levis 
4, 1983 
5. NASA, Levis 11.es-rcn Center Facilities Office 
6, Aerial View 
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l. Rocket Engine Tesr Facility 
2. Cleveland, Ohio 
3, NASA. 
4. 1982 
5. NA.SA., Lewis R£aearch Center Facilities Office 
6. Exterior View 
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1. Rocket Engine Test Facility 
2. Cleveland, Ohio 
3. NASA 
4. 1978 
5. NASA, Lewis Reaearch Center Facilities Office ' 6. Clltsway view of the facility 
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&,,. "°BY 1-FOOT SUPERSONIC WINO TUNNEL 

5c. 8-BY 1-FOOT SUPERSONIC WIND TUNNEL 
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7. Description 

Condition 
_:i__ excellent 
-- good 
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Check one 
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_ ruins _ alle~ 
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Deacribe ll>e pre•ent and original (II knownj p,h~•lcal appearance 

The Redstone test stand is a steel fratne structure made from salvaged materials. 
The stand is 75 feet tall and 33 by 22 feet at its base. There is an external 
Stair ~nd two working platforms. An asbestos-sided gable roofed shed is found 
at the top oL the structure. 

Tl1e blod<irnuse for the test stand was used for observations and for receivinz 
telemetered data during the tests. The blockhouse is constructed £ro,n three 
surplus chemical steel tanks cove,~d by a mound of dirt. There are metal d<JQt~ 
on the east side of the blockhouse, observation windows, and a roof observatio<l 
post. The three tanks e.unt.i.in I ,SOO square feet of usable space for tile test 
engineers. The initial const,uction cost of the Redstone test stand 1n 1953 
was $25,000. 'I°lle Redstone te~t stand is in excellent physical condition.l 

• 

• 

I 
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B. Significance 

-·· prehistoric 
1400-14i9 
1500--1599 

_ 1600--1699 
_ 1700--1799 
_ 1800-1899 
J_ ,,.._ 

----

Are•• ol llgnlll"anc,.....CM<>k and ju1tttr below 
__ archeology-p<ehlatorlc __ community p!annlng __ - _ landscape archllectu,e -- rellglon 
__ arctw>olOgy·hl•l<>rlc __ coneer,,aUon law -- science 
__ agriculture __ aconom+ca __ ll\enllure _, sculpture 
__ a,chltecture __ ,sducstlon -~- mlllla,Y - soclall 
__ art __]:_ engineering __ music human,1.arian 
_ comrne= _ nploratlonlP!llement _ phUolO!)hy - th""'' 
-~ commun/c.tlo1>s __ Industry __ polltlcs1g0'"9rnment __ tra,,sp<>rtatlon 

__ Invention Lother (speclly) 
Soace r:x,,JnruLGn 

__ ,•,,,,,,.,•,•,""''"o',',•--cc•--'c,' ·,'•·c .,,,,.,,____________ _ __ _ 
llaterne"I of llgnlllcanca lln ona paragraph! 

The Kedbtone test star1d is tile oldest static firing facility at the Marshall 
~?ace flight C~nter. It "as constructed by the Ordnance Guided Missile (;ente,: 
at ll.ed8tone Artienal and was uat1sfe.red to NASA in )960. It was the first test 
stand in the United States to accoll1IOOdate the entire launch vehicle for static 
tests (previous test stands in this country had accollllllodated the engine only) 
drtd wa~ an impo,tant facility in developing the Jupiter C and the MeTcury­
Red~ton" s'ehiclcs that laund,ed the first American satelllte and the first 
Aa,erican manned spaceflight. The test stand was also used to develop the 
··manrated"" launch ;n:oc.,dures vital to manned space flights and the acceptance 
tiring criterH• whicli .iere made in launch pneU!llatics, thrust measurement, 
propellant fuel procedures, and launch ignition procedures during various tests 

at chis facility. 

The bdsic Kedstuue missile for which the stand was a major test site had its 
odgin in 1950 when the Ordnance Guided Missile Center began study of a 500-
mile-rangc ro~k.,t. The Redstone medium range ballistic missile that evolved 
from " fiv<'-ycar research .1nd development prog,am was 70 indtes in diameu,r and 
(,9 fret lm,i;. Its power was rated at 75,000 pounds thrust. 

/rrnn thi.s lest ~rogram, other versions of tlie Redstone evolved, including the 
,:uµHn 8 and the Mercury/Redstone. 

Tt>e Jupiter C was the basis for a detailed proposal for an orbiting earth 
satellite. This proposal designated ""A Minim= Satellite Vehicle Based Upon 
Compo!1ents /\vailable From Missile Development of tlie A:nny Ordnance Corps,"" wag 
prepared in 1955. It stated that th<± Army could laun~h a aatellite 1<itliin" 
short time using hardware then available. 

t,fto.,r the USSR opc;P~ the space age, in October 19S7, by orbiting Sputnik 1, 
the Army Redstone tea"' ied by Dl". 1/erner vou Braun was directed to attempt 
n ~,,,,,_•llite launch. The fr~t was accomplished on JanU.!lry 31, 1958, by adding a 
3inJ;Je solid rocket motor as a fourth stage to the Jupiter C and attaching a 

;;tcntific paylead at its forward end. 

t;A:,A req•aestcd ten Rcdslones fo-r its fj,cst manned program, Merc·~ry. f"or Mercury, 
the Redstone propellant tank was lengthened by 6 feet (same as t\w Jupiter C) 

I 
a,>J the sU·1dard ltedstone engine tlirust was increased to 78 .OOO pounds thrust. 
This vehicfr he~dmc known as Mercury/lledstone, arid nine of them were tested in 

·,. i!,adstone tc~t stand. T,.,o of the Mercury/Redstone vehicles were eventually 
u~,.,1 to cany merl into space. By tliat time, tt,e space progcam had grown, .1nd 
mo.-c sophistic.1ted test sites were necessary. 
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The sit~ was phased out of the active test program in 1961 and all usable 
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J. Redstone Test Stsnd 
2. Hunstville, Alabama 
3, NASA 
4, !964 
5, NASA, Marshall Space Flight Center Facilities Office 
6. Historic Redstone Test Stsnd Site Sign 
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1. Redstone Test Stand 
2. Huntsville, A1abs111S 
3. NASA 
4. l9M 
5. NASA, Marshall Space Flight Center Facilities Office 
6, Redstone Test Stand Marker 
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1. Redstone Test Stand 
2. Hunta~ille, Alabama 
3, NASA 
4, 1961 
5, NASA, Marshall Space Flight Center Facilities Office 
6. Exterior View 
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1. Redstone Test Stand 
2. Huntaville, Alabama 
3. NASA 
4. !984 
5. NASA, Hatshall Space Flight Genter Fa<:ilities Office 
6. Exterior View • 
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J. Blockhouse for the RedHone Test Stand 
2, Huntsville, Alabama 
3, NASA 
4. 1984 
5. NASA, !'la~sb&ll Space Flight Center Facilities Office 
6. E><ter ior VieW' of Blockhouse 
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1. Propt1lslo<1 and Stn,ctural le.st r·acillty 
2. Huntsville, Alabama 
3. NASA 
4. 1982 
5. NASA, l'!arshall Space, FLigh.t Center Facilities Office 
6. AerLal View of !'1SFC Shuttle Test Facilities 

showing location of Propulsion and Structural Test 
Facility 
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1, Propulsion and Structural Test Facility 
2, Huntsville, Alabama 
3, NASA 
4, !960 
S. NASA, Marshall Space Flight Center Facilitie~ Office 
~. E~terior View prior to transfer of facility to NA5A 

• 

• 

• 



• 

• 
' 

• 

"f 
I 



• 

I. Propulsion and Structural Teat Facility 
2. Huntsville, Alabama 
3. NASA 
4. 1960 
5. NASA, Marshall Space Flight Center Facilities Office 
6. S-IC Propulsion System Firing • 
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l. Propulsion and Structural Test facility 
2. Huntsville, Alabama 
3. NASA 
4. 1971 
5. NASA, Marshall Space Flight Genter Facilities Office 
6, Exterior View 
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l, Propulsion and Structural Test facility 
2. HunHville, Alabao,a 
3. NASA 
4, 1964 
5, 11.\SA, Marshall Space Flight C,;nter Facilities Office 
6. E><terior View of Weat Side of Facility used for 

Solid Rocket Sooster Testing 

• 

• 

• 



• 

• 

,;~ 
,_., ·.·.•. ',i·· 

-

i ; 

' 

,:'f(. 
' ,r, . .. ' ,•, 

,,,,\ ' ' 

. J ' ' • 

l 

" ' 

' 
·.· f ... 

' . 
' . 

I 

. j . 

•• ,. 
• • 



l. Propulsion snd Structural Test Faeility 
2. Huntsville, Alabama 
J. NASA 
4. 1984 
5. NASA, Marshall Space Flight Center FadUUes 

Office 
6. Interior View of Solid Rock.et Booster Structural 

,:esting 
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l, Propulsion and Structural 1:est Faciltity 
2, Huntsville, Alab"""' 
3, NASA 
4. 1984 
5. NASA, ~rshall Space Plight Center Fadlities Office 
6. E>tterlor vie" of East test positfon "1th Saturn Stage 

in foreground 
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7. Description 

c-dltlon ChKk one 
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__ ruin$ 
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"B'" Tesr Complex 

The ilocket Propulsion Test Complex c·a·· Test Complex) was constructed in 1965 
to support static toatrng of the S-lC stage of the Saturn V rocket, The test 
stand is a dual posHion stand 407 feet tall and is constructed from steel and 
concrete. The rest stand rescs on 16[)0 steel pilings each 98 feet long. 
During te~t firings the S-lC stage ""-S secured by four huge hold-down arois 
anchored to a slab of concrete 39 feet thick. The restraining arms clamped 
onto the rocket tail by means of a drive mechanism geared to move 011ly 3 rnches 
per mi.nute. 

In ddditiou tu the test stand, the II lest Gootplex consists of a lest Control 
(;enter, and the required technical facilities (water, electrical, high pressure 
gas, propnllant systems, etc.) as well as the associated ground support equipment 
necessary to control and fire the captive stage. 

The test stand is nominally rated for static testing stages with. up to 7,500,000 
pounds of thrust, One side of the test stand has been modified to accomti1odate 
the test114i of the space shuttle main propulsion system elements (the engines, 
the External Tank, and a simulated Orbiter with flight propulsion systems) • 

II well-equipped machine shop is in the <.>est t<'.Gt pier. 
,nanufacturing capahility used in the support of various 
and ground support equipment. 

The shop tias a limited 
engine or stage teH1ng 

The Test Control C<'.nter (TCC) houses the equipment and people required to control, 
ohserve, s<>pervise, and monitor the operati.on of the test complex. The TCC ls 
also a position from which technical observers can view test firings and which 
provides a bla&lproof location for test stand personnel who have vacated the 
sta,,<l <luring test firings. The TCC is capable of supporting additional stage 
and/or engine test stands. 

The High-Pre~sure Gas System includes a gas battery of air, nitrogen, and 
rteHum. Tbe propellsnt system includes a 300,000-gallon ready storage tank and 
docking and transfer facilities for the Hquid propellant barges.I 

"A"" Test Complex 

The "'A"" Test Complex consists of two single-position test stands, designated 
il-1 and A-2, a Test Control Cencer (TCC), observation bunl<ers, techalcal systems 
(sue.Ii as high-pressure gas systems, water, electrical, etc.), as well as all 
;,ssociated ground service equipment necessary to cO!l.ltol and fire engines or 
stages involved. 

• 

• 

• 
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~ach Hand is capable af static firing a stage up to 33 feet in dianieter and 82 
f~et long. Stage" of geeater or smaller diameter and length can be tested hy 
using an adapter system of modifying the Hand. These st,rnds were designed for 
1,000,000 pounds of thrust although they have a capabolity to 1,200,000 pounds. 
The stand p.opdhnt systems include liquid oxygen and liquid hydrogen. 

The TCC performs the sa,ne fonctHms as the ··a"' TCC. It is also capable of 
s«ppartrng additional test 6tdnds ,dthout modifying the physical faclli.tles. 

The high-pressure gas battery co11tains air, hel1'"'1, ""d nitrogen, There 1s ,, 
separate gas bdltery for the hydrogen ~ystem,2 

The "A'" Test Complex now supports engine te~ting for the Space Slmttle prngram • 



8, Significance 

Period 
__ . preh,sloric 

1400--14!19 
1500---1599 

&re:H ol S!gnilicance-Check and jualify belaw 
__ arclleology·prehistonc __ commun,ty planning -- lanclscape orcMoclure _ 
__ arcMology·h<slorlc ___ conservallon --"" 

' '.
•om,,, __ li!oralure 

rellgio~ 
so,en~~ 
scu:I'·· • • l!i00--1699 

-- 1700--1799 
1800--1899 

_\__ 1900--

__ egrocuture --• .. 
__ aroMecture __ education --- mih1ary 
__ art . ....l.. englnHrmg -- mus•c 
___ oommerCB _ e>plorallon,setllemen! -- ph,losopt,y 

___ soci,o, 

hurMi,' 
__ thuter 

__ commun,cationo __ ,n<1us1ty -- p<>llllcs.,gosemment _:,._ tr~nsporlalioo 
.), _ o!Mr (speo:!f) 

-----2['2-:.<~ ~' .-,, : "L < 
insent,on 

------ --

The .\atl,,nd ,p.;c,' Ceclrnolo,:y \,~bvc,,tori.~s "as estdbl\shed in the Garly :96"" 
.i, th~ 1LHt0ndl cJck€t t~s, rdn~e for flight certifying large rncket prop·cts·,:.1 
systeiils. Tiie Rc>c,et PropulsLrn ·:·e,c Comµlex C'B" Test Complex and the ""A" Test 
C,npl~'<) ••a,, luth hu,lt ,~ L~,,S co supp~rt thl.s goal. Tile '"B'" TeH Co~~!~x 
supported .ill g,··HLnd testing fvc tltu S-lC stage of the S.stut"n V re>ckoc and tt-.e 
.. ,, .. 'iest Ccnpl, 0 x perfarn<!d all };round testJ.ng for tho S-ll suge of tho 5~turn 
\' roc\.cd. 

r,~ S,Hur,, I' cvc;.~r w.;s one of the must reliable rockets ever bu\\t for tile 
Spdce pc~,sBrn .rnd w.is auci.al lo the dfort to land a rnaai o~ the moo,i. The• 
su.-~~ss .,c th~ ~-,~u,·:, \" ~.-s Jepe11dent up"n extensive gruu<\d tese\,,g <>t' th~ 
v,,.11,.e. ,l""" t;~ Sdturn V llfC,'<l ,>ff the p~d th~re was no tu,,anR h8ck foe 
,·~pdLC-;, 1:s p,J•,iered [li,;hc ·,1.i~ hci~f bLlt critical. The economic& of rnc~etry 
ad cil,' pi,y,cc.,, ,.,,,,,_,· ,,f the as:c,·M~ats de"l~n<led that the rockH ><ark p,,rCec.uv . 
T'11s ·.;,is th,• "<,'.",>VS,' Ji the< Jvckd ?rnputsion Tesc Fadl\ty, 

;«ls ,.,cilic;,- •·,., tile j'rlJldry site J'Jc conducting researc:,, development and 
~erclt,ca,:.,,, t-,sti,µ on non-Clj_ght engines to improve ,u,d upgrade '>asic engine 
d~sign, ,.,1,i a,'CC'?t~nc,' test(,1~ of flighc engines. Tio Saturn r 1<as shippd to 

• 
,:,c ..:cn,i~i_,. 5;,au C,,L\t,,c u,,tl I HS engici~s wer-e folly tested and cectified, Any 
pc,'ol~:s cc,?ahl,, o' C,atJ.sin1; a failctr,, in the velii.de wa~ di~cover"d and corr~cced 
betJc~ the .i~rndi la1:,1d1. The lock"' P>:opulsion Test Complex WdS Che cr(:tc~l 
fln~l step ,n catify,:>~ Che firnt stage of the Saturn V rockei: foe flight . 

• 
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l. Rocket Pro1mlsion Test Complex B-l/B-2 
2. Bay st. Louia, Mhaissippi 
3. NASA 
4. 1973 
5. Marsh.all Space Flight Center Facilities Office 
!;. Aerial l'iew of B-1/B-2 Test Stand 
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L Rocket Propulsion Test Comple>< S---1/5-2 
z. Bay St. Louts, Mississippi 
3, NASA 
4. 1966 
5. NST~ facilities Office 
6, First Stage of Satui:-n V being hoisted 

into test stand 
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1. Rocket Pt:opulsion Test CO!llplex B-J/B-2 
2. Bay St. l.,ouis, !tlssissippi 
3. NJ\SA 
4. 1967 
5. NSTL Facilities Office 
6. Test of Saturn V 1st stage booster • 
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1, Rocket Propulsion Test Comple>< B-l/B-2 
2, Eay St, Louis, Mississippi 
3. NASA 
4. 1977 
5. NSTL Facilities Office 
6. E~ternal Tank of Space Shuttle 1,eing hoisted into 

te~t stand 
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I. Rockc,t 1'1:opulaion Test Complex A-1 
2. Bay St. Louis, Mississippi 
3, NASA 
4, 1971 
5. NST~ Facilities Office 
6. Exterior View of A-1 Test Stand 
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I. Rocket Propuhion Test Complex A-1 
2. Bay St. Louis. H.lssisdppi 
3. NII.SA 
4. 1967 
5. NASA, Marshall Space Flt..ght Center facilities Office 
6. 11.-J Test Stand wHh Saturn V S-11 stage in place 

ready for firing. 
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l, Rocket Propulsion test Complec A-2 
2. Bay St. Louis, Mississippi 
3. NASA 
4. 1966 
S. NSTL Facllities CfHce 
6. Installation of S-11 stage of Saturn V Rocket in 

A-2 Test Stand 
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J. Rocket Propulsion Test Complec 
2. Bay St. Louis, Mississippi 
3. lilUiA 
~. 1973 
s. NASA, Marshall Space Flight Center Facilities Office 
6. Aerial View of A-2 Test Stand 
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not for publlcirtlon 
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3. Classification 
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_ dlstroct 
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----"----Mructure 
_ s,to 
_ ob1ect 

Owner•llip 
__:::_ pub lie 
_pr1vate 

-~'" Pi.lblh> Acqul•lth:,n 
__ In proceu 
__ being considered 

county 1:adi.son 

Statu• 
__ occ;,pied 
_ unoccupied 
_ work In p<ogreu 
AcceHlble 
____i;_ yeo: restrlc1ed 
_ yes: un,eot,lcted 

00 

PMaenlUH 
__ o,grlcul11,m, 

_ commercial 
- Mluclll.l<>nal 

_ enteNlnment 
_ governm.,nt 
_ lnduatrlal 

military 

4. Owner of Property 

nar"e ~dt1on;,\ /leco'1,>uti<:s and Space ;,dnunist.ration W11Si,) 

code 089 

_muoeum -~· _ prlvale residence 
__ re11111ou1 
_...,lenUllc 
_ 1ran1porullon 

X other: Inan C\'C 

otreet & n,iml><or -------=~--------------------------
c,ty, town 1;,-.,-,.,h~ton vicinity ot 

5. Location of Legal Description 

::>~rthouae, regis!ry of deeds, etc. :.at.rnnal Aeronautics '!"d S9ace Adm.i.nrntration (NASAi 

<1w.1own ·,,~~hinyton 

6. Repre!'ltentation in Existing Surveys 
t.tle ll1st0rcc ?rnp~rt,~s 9c:,o~t (Drdft) _________ ,•a•c•c'chis property b~en detetmlnMI ellgib'8? "' 00 

Oate ,:•cly 198J X_ Jederal stete __ coul'lly local 

U.S. A,rny Red~tone Arsenal 

':'.'.!': town 
,lu.cl.sv111,, state 



7. Description 

Condlllo11 
_!_ ex""llent --!al, 

__ de!erlorated 
__ ruins 
__ unexpo-

Cl>•ck ...,. 
__ unal!ered 
_}'._ ., .. - Cl>Hk <K'IO 

__l!_ original •It• 
_ moved date-----------

-•II•• II•• p ...... 1 and orlgl.,.t (II knoWIII pl>r•ic•I -••ante 

The Dynamic Structu:r;al Test Facility was built in !964 to conduct mechanical and 
vibrational tests on the fully assembled Saturn V rocket. The facility is 360 
f.,d high and l2Z feet by 98 foct at the base, lt has a 11131dmU111 center bay size 
"l 74 [~et by 74 r.,~t, has a m.iin derrtck at the top of the structure capable of 
lwndli.ng 200 ton5 at a 70 foot rndius. The fadllty ,s connected by a cable 
t .. ,rnd t" the i:.,st Test Arca which prnvides instrU111entation for teselng. An 

<elevator provides access~'-' 15 o! the 16 levels. 

',>'ilen u, \OSC tl;c tt~t vehicle cests oo hydrodynamic supports which provide a 
"'''"i"u"' of 6 degrees of freedom of movement which is required when large space 
•.-elricles are dynamically tes~ed. Vibcati.on loads can be induced in the pitch, 
ya", or longitud1n~l axis to obtain resonance frequencies and bending modes. 
'i~rocal matlug procedures between stages can also be inves!igated end checked 
Oll t. • 

After co~,pleti.on of testing for the Saturn V program the Dynamic Structural 
Test F~dlity \oaS modified for testing the Space Shuttle. At the present time 
t.hi.s facility ls 0<1 a standby basl.s, but beca1>se of lts unique capabilities to 
,1y;,a,.ic,,lly test Lirge spdce vehicles, it \oill be retained for use in future 
llASA pro1;r ains. 

• 

• 

• 



a. Significance a .. •re•• ol llgnll'lc:,nc>~hKk •lld )u9111J ii.lo* 
_ a,c-lOIJl"·Pl'•hl•torO: __ COfflfflUnl,y plannlng - 1-ac,ipe e,chll9clu,. __ "'llglon __ pn,h(a!orle 

_ 1400-141111 
_ 1500--1599 
_1600-16W 
_ 1700--1 J'99 
_ 1 B00-1111111 _,_,_ 

__ a,c-logy·hla!orlc __ con.....,auon -- ,_ -- ~-
-- ogffl:unu"' __ acor,om"'• __ ll\el'alll"' __ aculptu"' 
_a,chl-.,n, _ O<luceUon - mllll..Ory - -"' 
_ art .X.... ""9IMetlr,g _ mualc humanltotlan 
_ comme,ce _ uplon,!lon/llff'""""nt - phllooophy - ~-
- communication• _ lndualry - pomk:lligo'o'efn..,.nt .!._ tnnoportatlon 

_ 1n,ontlon .X.... - (1PH/ly) 
a· ,c lorn ti on 

Bulldo,r•, .. 1111 ... 1 NASA 

ltotomont ol .ianiilc:anco 41n ""' ,..,.graph) 

• 

• 

The Oylld10ic StructuraL Test f~cHtty is sign1ficant because of its connection 
1,,;th tti~ testing and development of the Saturn V rocket. 

The Sat.>.n V rccket "a& one of the most reliable rockets ever built. Upon its 
suc~e~s d~pe<L~ed n . ., fd(e of the Apollo program and the Skylab prograOl. The 
Sl<CC,;ss o! tlw Saturn V was because of two factors: (I) the scringent ,eliability 
and qt,ality assur.ic,c.e programs developed to oversee the manufacture of the 
s~turn V, and (2) ex<.,ustive ground testing. 

rhe grnund lesllng prugram was crucial to the success of the Saturn V. Once 
l~"ncl,ed a &nturr. V could never be recovered for testing. Any flaw in the 
velnc:~ coul~ ,·cs,dt in the loss of the vehicle and the loss of the lives of 
th£ ~strnna,,ls cidi.ng the Apollo Command Module • 

l'l,e Sdturn V 11.1<! l<> work a"d perform its job successfully every nme. rhere 
was "'' m.J.rgi" !0r error. Due to this fact as much as S(l percent of the total 
eriort ,,nd ,ooney in the Sat.c1r,: V program was devoted t.o ground testing the 
v~hiclc. F.v~ry component of the vehicle was tested again and again separately 
.rnd 1n pdcti.1l "nd full assemHy. 

T.l~ UynHi~ Stcc,cturnl Test facihcy ,H MBrsh&ll represented the last step in 
this tcstrng process before a Saturn V was accepted for full fligtlt status. 
Clnce ,.11 of th~ components were accepted and tested the Saturn V '1as asseOlbled 
,rnd brc:.,;>,t to tb~ Dynamic Structural Test facility to test the entfre vehkle 
unde,· dy"&r,ok load con<Jitions. Mechani.cal and vibrational tests on the flight 
v,•ht~~e and '"' sepdcate High< co~iigurations were conducted until the data 
indicareJ thdt the Saturn V was clean and ready for flight statue. Testing 
conduaed in this faciHty permitted NASA and industry engineers their last 
<;har.~~ to dete~c and coccecc any problems or fla"s in the fully assernbled 
tligbt v~hicle. The success of the Saturn V program and the fact that no 
Satcarn V eve,· failed in flight \s indicative of the contdbution of this 
(~c1llCy. M,,jor problems capable of causlng a failure of the vehide were 
di;covored and cor,ected before the Saturn V ever reached Launch Conipl~,c 39 at 
tho ac;,,n,,edy Sp,tce Center. When the Apollo JI moon flight lifted off the pad in 
July \ ,£9 the Jstonauts and NASA ,.e,·~ confident that the Saturn V would complete 
its jol, ,,~,: l,tu,1ct, the Command and Lunar Landing Hodule into a safe moun-bound 
tl"JJC~t()ly • 
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l, $,,turn V Dynamic Test Stand 
2. Hu!ltsville, Alabama 
3. !JASA 
4. 1974 
5. ~ASA, 11arshal1 Space Flight Cent"" Facilities Office 
6. Aeria1 View of the East Test Mea of the MSFC. 

Saturn V Dynamic Test Stand (Shunle Dynamic Test 
Stand) is in the upper left hand corner. 

• 

• 

• 
• 



• • < 

I ., 
I 

• 

' . ' 

' 
' • 



J. Saturn V Dynamic 1:est Stand 
2. Huntsville, Alaballia 
3. NASA 
4. 1%6 

5. NASA, Marshall Space Flight Center Facilities Office 
~. l:><tadur dew of Saturn V Dynamic 1:a,;t Stand with 

S-11 stage in place. 
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I, Saturn V Dynamic Test Stand 
Z, Huntsville, Alabama 
3. NASA 
4. 1976 
5. NASA, Marshall Space Flight Center Facilities Office 
6. Exterior view of Saturn V Dynamic Test Stand in 

process of being ioodifted for Shuttle. use., 
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J. Saturn V Dynatnic Test Stand 
2. Huntsville, Alabama. 
3. NASA 
4. 1980 
5. NASA, Kan;hall Space Flight Facilities Office 
6. External View showing Space Shuttle being hoisted 

into Test Stand. 
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Saturn V Oynami<: Te.st Stand 
Huntsville, Alabalila 
NASA 
1977 
NASA, Marshall Space Flight 
Interior view of Iest Stand 
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• Center Facilittes Offtce. 
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1. Saturn V DyMmic Test Stand 
2. Huntsvllle, Alabama 
3. NASA 
4. 1978 
5, NASA, Marshall Spsce Flight Center FadlHles Office 
6, Interior view with Space Shuttle in place 
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l2, Saturn V Sp>ice Vehicle (Alabama Space 
and Rocket Center) 
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1, Name 

hlotorlc 

and.'orcomman ';dL~,n V ,;p;,co V»hicle 

2. Locatiorti 

vicinity al congressional dls!rlCI 

coQe o l county Madison 

3. Classification 
Cal•gory Owner•hip St•tu• P-UH 

__ di street .I- publ(c - occupied - egrlcu111are 

~ tmildlng(8) _private _lunoccup~ _ commer,:111 

structure ~'" _ worl< In progreH _ educational 

SJ\8 Public Acqul .. llon AccaHlbl• _ enllruilnment 

__ objecl __ In proceH __x_ yes: rntrlc:19d _ g<>llernmem 

__ being considered - yes: unreslrlei.d _ lndu•lrlal 
00 milllary 

4. Owner of Property 

not Tor p,.,bllcatlon 

L muBeum -~· __ prlvale resldolnce 
__ ,ellglaus 
_ sc\Bnllllc 
_ tranopanatlan 

a\~er: 

name ,ca.t1onal "" a,,d Space tluseu"1, SmHhsonian Instit·atic>n 

(On e:<tended Joan to ,,l;:ibama 
space and Rocket CenLer) 

street & number 

oily. town ·.;ashington Ylcln\ty al 

5. Location of l.egal Description 

st,e•! ~ nu~~"' __ !adj ~on ,·0·.ir.ty Court!,,,,,,,,,,._ ______________ _ 

S. Representation in Existing Surveys 

''" 
has thrs propeny i.en dB1erm1ned eligible? "" ---- --- - - ---.,.: I ,,7 

--------- ------=='"''"'"""'~c'=''''''"'-="-'''"'"'"'"'--=cclocal 

__________ ,slate D.C. 



CondlHon 
~e.cellent __ der.o,10,ated 

ruins 

Check one 
X unallRred 
_ altered 

Cheell one 
__ original al1a -·­__ !&If __ une,pose<I 

_ mow<! date ____ _ 

The Saturn V Space Vehicle is in the Rc.c:ket Park of the Alabama Space and 
Rocket Center and consists of three tank-type propeHant stages and payload. 
Tl1e vehicle i~ exhlbited hoci~ontally, one stage on a trailer, others on 
crddles. 

Pri,aary ,uateri«Js: al,uminum alloys, stainless steel and titanium. 

Le,13th: 305 feet. 

Weight: 6,200,000 pounds. 

Fi.st sugc: 
A&sembled by 

JJ feet 
l!arshall 

diameter by 138 feet; ti"e F-1 
Space Flight Center and Boeing 

engines. 
Aircraft 

Second Stage: 33 feet diameter by 81 feet; fi~e J-2 engines. 
Ass~mbled by North American Rockwell. 

Third Stage: 
Ass~mbld by 

22 feet diameter by 
KcDonnell-Douglas. 

59 feet; l J-2 engine. 

Corporation 

Pay Load: (l) Apollo Command Module - cone-shaped, 10 feet 7 inches high, 
12 foet l() ti>ches diameter 

llabitabl€ vol .. me - 210 cubic feH. 
\,/eigl1t - 1),00() pounds. 

(2) Service Mod,,le: Cylinder-sloaped, 22 teet 7 :inches high, 
12 tcet 10 inch~~ diameter. 

Weight - 5),000 pounds. 
Assembled by ~o,:th Anerfran R<>ck"ell. 

Cost: $D,010,000.00l 
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a. Significance 

P•rlod 
__ '1"'hlo1orlo 
_1400-1499 
_1-1599 
-- 1600-16911 
_ \700-1799 
_ 1eoo--18ff 

' ~- 1900-

...,. •• "'Sl1111llk:an<:......Ch.ck and Ju•tlfl' balow 
_ atcl\eology-ptellistorlc ____ community pa.,,nl"!I __ tllndoc- .. chllfldu..,_ rellgKln 
__ arc"'90IOIJJ•h!al<>l'lc __ conH<V•llon _ •• -- ~-
-- avtleullure -- econornO:s -- literature -- oculp<u,. 
__ archl"ctura __ educ•- ___ mlHtary __ social/ 
__ an ~ englnMrlng __ music .... ,...,,.111,,.,, 
__ com,n01<:<1 __ expl0<a\lDnl-fflffll __ phl!o1opny __ \-!er 
__ communications __ Industry __ polltltO.'IIO""'"""'"' _x_ tran1PQ<tatlon 

___ lnVflnllon ___:;___ Oll>er {--=lly) 
.snacc Ex:,J~nl10n 

On ,l«ly 16, 1%9, a Saturn V Space Vehicle rose from the launch pad canying 
ast~onauts Neil A. Armstrong, Ed>11n L Aldrin, and llichael ColU.ns toward 
nankind's firs: expedH;on to the surface of the moon. Because Hages of the 
Saturn V are not recovered after use, a Saturn whicl1 has actually flown a 
missiun 11ill never be available to the ?Ublic, The test stages locaced at the 
Alabama Space a\ld Rock.et Center are full operational untts of the actual flight 
stages and prov;:de a realistic view of tha vehicle which carried the first .. en 
lO t~e moon and placed the first U.S. space station into orbit. 

l'h~ decision to develop the Saturn V was officially announced on Janoary 10, 
1%2. It was the !lcH large vehicle in the U,S, space ptogram to be conceived 
and d~vcloped for a specific purpose--the lunar landing. NASA formally assigned 
the Us!< of developing the Saturn V to the Harsh.all Spac~ Flight Center an 
Janus,ry 2S, 1%2. l..,.unch responsibility was given ta the Kennedy Space Cente, 
in Flnp(["-, 

Nurshall Center designers dec(ded that a three-stage vehicle would best serve 
th, ii,rn~didle needti for a lunar hnd:ing mission and also serve as a general 
pwpos~ ~l'd~e e~plocdtlon vehicle. Th~ Saturn V provided the U.S. with the 
cc<pa:,111:y to put into earth orbit some 260,000 poundB of payload or send 
95,llUU pounds to the moon. During a seven-year period, a total of 13 Saturn V 
vehicles i.,er~ launched, includi11g two uno,anned test flights; ten Apollo flights; 
and or.e flight which carried the Skylab space station to eanh orbit. The 
Saturn V perfor<Ded succe~sfully in all mission.s,2 

l'here ace three remain:lng examples of the Saturn V space vehicle in edstence. 
One is found at the Kennedy Space Center, one is at the Johnson 1'1a.nned Space 
Flight Center, and the last is found at the Alabama Space and Rocket l'luseum i11 
Huntsville, Alabama, adjacent ot the Marshall Space Flight Center, 

r:,e Sat.urn V at th~ ,\laha'lla Space and I\Ocket Museum was chosen to r<1-prese\\t the 
cl,:s~ of Satmi, v•,, as a ~ational Histork t.,.ndmark for several reasons. 

I. :;,~ ~.iturn \/ .it Huntsoill~ lS closely associ.atcd with its site. The design, 
'.iev~;oprnent., ~nd manufactuce of the Saturns was the rcsponsibi.lity of the 
-,.CiA-M~rsilall Space FU,:!lt Center ~t. !luntsville, Alabama, which at the time, 
o·as c.·idet· ct", leadership of Dr. Werner VO\l Braun. Dt,·VOl\ Braun headed a 
c;Hfom,,Ge team drn11,i trcm rndustry, government, and the educationdl eo"""unity 
which prn,•ided the expertise to prnduce the Satmn • 
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2. The Saturn V on display at t;he A.labama Space and Rocket l'luseum is the 
actual test rocket that was used in dynamic testing of the Saturn facilities ac 
Huntsville. The stages of this rocket were used to check out all of the Sr"L~:. 
V facilitu,s at Hu,nsdlle. ThL!s, while the rockH was not intended to:,., 
fl.own. it was a "orki<Lg vehicle that prepared the way for the Saturn V rod,­
that "'ere flown ,rnd eventually destroyed. 

J. The Sat;urn Vat the Alabama Space and Rocket Museum :ls also the best preser·,e<l 
e><~mple of thi~ space vehide. It tws been maintained since it went on exf1ibit 
ill 1969 and is ir. rnLnt condition. Bath the Saturn V's at the Kennedy Spa~~ 
Center and the Housto" 1'1,anncd Space Flight Centet exhibit extensive deterfocat:Qa 

due to the elem~nts, 

4. FfoalJ.y the Saturn Vat the Alabama Space and Rocket Center has the best 
r-crnai.ning integriLy uf the cl<>SS, Its three princ;.pal stages and instrume,it unit 
arc intact thus npresent:i:<>g all the necessary pans to the Saturn V tnat lau,KheC 
the Americaet exploration oC the moon, 

ln a l~tt~r tv th~ Natiortal Register of Hhtoric Places in 1978, Michael Cvllins, 
Director of the :,/ational Air and Space Museum and participant in the Apol.io 11 
mission that fi_csL landt,d m~ll on the moon, said the follo.,ing about the SaL·,rn V 
at th~ Alabama and Rack~t IIL1seum: 

This letter ;s «.-Hten le, cespooso t:o th" application by the Alabama Space 
and Rocket Center r~~o,o,ocnding listing of the Satur\l V space launch vchidt 
on the Natiorial Rog,ster of Historic Places. 

The uniq<1~ness of th" Saturn V, the high level of technology that it 
represents and the successful role that it played in making possible man'& 
landlng on the Moon seems to qualify for national re,;,ognition by placen,.,,it 
on the NationaJ. Register of Hlsto~ic Places. In addition, the location is 
adjacent to the N/\SA/!'.,1x~hall Space Flight Center wbich was respot16lble 
for th" des;:gn and development of this vehicle. 

for these reasons we concur in the application for listing made by the 
Alabama Spa ca a~d RockH Center. 

'l'he Saturn V Space VehCch was a udque engineering masterpiece that foraeci t•;e 
hy Hui< in the chal,i th,H endbled Americans to travel to the moon. The success 
of tl1c Saturn V !Ddd~ possible the success of the American Space Program. 
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Foc,tnotes 

l. Ed.,ard o. ~uckb~e, "National Register of Jlistorlc Places Inventory Saturn 
V Space Vdtl~le Huntsv11J~" (Alab.irna, Alabacoa Space and Rocket tenter, 1~77), 

p • 2 • 

2. Ibid., ) . 
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Schematic of Saturn V 
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I, Saturn V Space Vehicle 
2, Hunstville, Alabruna 
3, Alabam.; Space and Rocket Center 
4. 1984 
5. Alabama Space and Rock.et Center 
6, Rear Vie" of !st Stage of Saturn V Space Vehicle 
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1. Saturn V Space Vehicle 
2. Huntsville, Alabama 
3. Alabama Space and Rocket Center 
4. 1984 
5. Alabama Spae~ a~d Rocket Center 
6. Side View of Saturn V S1,1<1ce Vehicle • 
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1. Saturn V Space Vehicle 
2, Hunts111lle, Alabama 
3. KASA, Karohall Space J'light Center Facilities Offic~ 
4, 1982 
5. NASA, Marshall Spa<=.e Flight Center Facilities Office 
6. Aerial View of "Rocket Park~ at the Alabama Space 

and Rocket Center shoving the Saturn V Space Vehicle 
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LAUNCH PADS 

13. Space Launch Complex 2 (Vandenberg AFB) 

• 

• 



• 

• 

• 



:,km n Spdce TC!erne Study 
CeCer~l A.gency :iornination 

United States Department of the Interior 
-lonal Park Service 

Tational Register of Historic Places 
Inventory-Nomination Form 
See instructions in How to Complete Nal/or1a/ Register Forms 
Type an et11rle-.:omplete applicable sectior1s 

1, Name 

historic -,.,,-, .. n.,, .. ,:co,,,,lc, 

1nd10, c,:,mmon 

2. Location 

strffl 5 number 

---

not tor !>Ubllcatlon 

,_,_"1~!0_•_• __ ~,··c''c'c'_''~---------~=c"c'c'"c",•c•~--'~=",'c",n~;, .. ,,,,,,,,","c;•~----------
,tate ,,1,,.-,r,,,,, 

3. Classification 
cat•e<>l'Y 
__ district 

• 

bulldlngls) 
'1ruc!ure 
~lte 

___ cllJ~C! 

Owna .. hip 
...1._ public 
._private 

-""" Publlc Acqulalllon 
__ In procus 

co:le 8'.U 

Slalua PN- UH 
_ occu1>1ad _ a,grleulwra _ mu,...um 
_ unoccupied _ ccmme,clel __ ~• 
_ w0<~ In prog11111 _ -.i~t11!on11 ~ prlnie lftklenc, 
Accanlbla _ tnten,.lnment _ rallg!ou1 
__.;;_ yN: ,e.inc1ed _z._ g<lvernmant _:.:... oc:lentlllc 
_ yu: unres\<lcted _ lll<lustrlel --,;_ tran1po,taClon ____ l><ring conolden><I 

·-----·~-·----:-=-----:=='~"-------='cc'::::"~:C"'-----C~lec','CM::C"-·;'';'';';';'"~ 
~wner of Property 

vicinity or stalfl (".>l>fon1i.-1 

5. Location of Legal Description 

counh2._use,registryoldeeds,etc. crn:,~:l ,u~c~ .s·r ,·or,-,,1•1Ta 

'""".'._&---"u':'"'-' ,;,,0• •'"''•· c,c_oc;, ••·c· _,,,,,.0• 'C·c•C·'C• 0 .c• ,, ,, ,'C'C'C· cc·ee· J'C•c•c•~-------------------

c,ty, ·.~,c-- s111e D.C. n~i, 

~er,resentation in Existing Surveys 

1, le has t~ls pro,..rty been <le1ermined ellglble1 ~· "' 



7. Description -=-=-=====------------·· - ... 
Condllion 
_:i_ excellen1 

_ good 
__ fair 

O<!tMiorated 
__ ruins 

u=xposed 

Check one 
__ unalterod 
_x_ altered 

-----

Ch•Ck ..... 
_x_ original site 

,- moved date 

D••c•ll•e the P••Hnl and original (II ~nown) phr•lcal _ •• ,.,..,. 

Spae~ La"nch Complex 2 (SLC-2) 1s at Vandenberg Ai.r Force Base and is p~rt d 
of the Kennedy S1,ac~ Center Western Test Range Operations Office. Thi.s c~c-e!~x 
Ls carnposed ot tile NASA La,mch Operations Building, Blockhouse, and two l;,• 
pads (Edst ;rnd Wesc). SLC-ZE "'dS decornmissiuned and stripped 1't 197), S~C-:'i/ 
b active. H~ last launch is scheduled for March 1984. Only the blockhou·.c 
and pad 2-W wHh supporling structures retain their integrity and are c~.,sid~~eC: 
a part of this nomin<>.tlO<,. The NASA L<>.unch Ope.rations Building served to n<0us~ 
NASA and contrdctor personnel between launches and ls not considereC 1,1c.>gral 
to the site and is not included in this nomination. 

Blockhouse 

The l,aunch Contcd ~Cock.house at SLC-2 \.las and is used to control launches cc"c 
bolh tne ~ast and W~st Puds. 1be bloc\c.house is a self-contained reinforc,·O 
CO,l~rele buildi~g capable o[ \.lithstanding the dangers of cacastrophic ve'ic_l,, 
failuce ~t lift-of[. Tb~ control mom room houses numerous monitor cu,:s~l,,.s 
neG!<SSJ(Y to •upi:urt ii,~ ,-~lncle and spacecraft during testing and ti,,al 
cou,itdown. hl~vi.sion .~0nitors am rnoc>nted in the control room "all tor eiew ,,,, 
tlte vehicle anJ ccitical prele.unch [unctions trom cameras at vantage poir.ts 
around th~ compl~x. I 

Umbilical Tower 

The Umbilical Tower supports purge, coolant, and propellant lines as "ell ce 
electrical cables <>.nd ~nvtronmental duo:ts requited for checkout a~d iaund-, of 
the Delta Space venicle. The Tower is an 8-feet x 8-feet x 124 feet-hf&~ fr,-.~ 
standing steel structure.2 

Service Structure 

The Service Struaure i.s a rd<l-mounted, steel structure 166 feet high. Tt•e 
e«clos"d tower, whicl1 is moved by a hyd,aulic drive system, is used for e,~c­
tion, ass,,mbly, d11d checkout of Delta Launch vehicles. The structuce h~s ~ 
!5-ton overhead or1oge crane, a 3-ton tnterlor bridge aane, and o,1e l)OG-lb. 
capacity elevator. Eiiiilt .,o,krng levels are provided, o,ith the top one i<>fi­
nHdy actjuHdbl~ wltl\ln an 18-[ect ,.,orking r .. ngc,3 
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Suppurt System 

; -
The suppon ~ystem for SL.C-2 includes propellant storage and handling equipment, 
hyara«lic power wnts, high pressure nitrogen and helium storage tanks, and a 
nitrogen purge system. An air-conditioning unH, hydro-pne=ti<: controls, and 
velude checkout equipment ace housed in the Launch Pad Building and in tile 
el~ctrical equipment building. The launcher has a wet flame bucket that is 
used during ignition and lift-off of the Delta Space Vehicle.4 



8. Significance ::::....:::;:==c;:._--------· 
... llod A•-• ...- Slgnlfle•nc-e1>ec1< •nd J.,.tlff IMlow 
__ ?JWhl•torlc __ archeclogy-p,ah!Ol<>fic __ communl<y planning -- landsc.opc, arcllitKIUra -- c,,' ~. 
__ 1400-1489 __ ar<:Nl<l"'9)1-h!•!n<lc __ e,,.,.-,ir11on __ l•w ___ S<.L-. 
__ 1500-1511!1 __ agrlcut1urt0 __ ""or.omln __ llt«atura -- •c~11,,, 
__ \600-161'11 --· archltll'Ctura _ educ.e11on __ mil!iary - - o,;,clc\ · 
__ 1700---17911 __ an __!',__ engl"""rlng __ music hurr,•• "~'/;,· 
__ lll00-1811!1 __ commerce _____ exploralloNaetllement -- phllol<>,>hy -- ll'lo,~ter 
~ 1900- __ communlca!lono __ lndu•try -- pollllcli'1Q-nrn1tnl _l;__ tran•po,,dlOrt 

__ Invention -L omer r,,,, 
lp.clllc dalu :·,·, ·-I'<-~ 8•dldor,A«ahlW.ct 'J.3. Asr Force ----- - ----~~----~~------

llalement"" llgnlllc•nca \In <NIO paraqraph) 

Space Launch Cornelex 2 was built for the Air Fo~ce in \',57 for thefr lnt€r"-"'E"te 
Rang~ B~lllsC1c ~l(ssllc (IRBM) Testing nogratn. The complex tired the Tllor 
tl/.BM io various USAF testing programs during its early years. 

NASA acquired SLC-2E in 1962 .rnd SLC-2W in \%9. Ninoc ,ooditications ~·ere G<!e 
Oc\ both pad~ so that liASA could launch its Delta rocket. Since the Delta was .o 
direct outgrowth c,t the Thor rod<~t, modifications were kept to a minimu,n. Te.e 
complex was used by NASA to launch polar orbiting satellites using the reliable 
J)elta rocket. As the need to launch pola. or hi ting satellites decreased, NA.SA 
<ibandoned Sl.C-2~ ir:: \975 and concentrated its opeutions at SLC-2W. SJ,C-2!,: 
reverled lo th~ control of the Air ~·orce which decommissioned and stripped Che 
pad of all of its equipment and salvageable materials in 1975. 

SLC-ZW ,~ the best surviving example of a launch complex built in the 19';0~ at 
the beginning of the 111Derican effort to explore space. The blockhouse, 101th 
ltS supporting electrical equipment, is intact. Only the most minimum of 
modifLcation~ were m~de over th" years. !he blockhouse .rith its electronic 
equipi:,ent a today the best stirviv:lng ex;unpl~ of working electronics used to 
support a apa~e launch from this era. The only compardble exao,ple is the 
blod.house at L"unch Conplex 26 at Cape Canaveral Air Force Statton. The 
equipment at Launch Comple~ 20 ls not operational. It "as reconstructed for 
vis:ltor int<erpretatioo "'llen La.;nch Complex 26 became part of the Unit"d s,,.tes 
Air force l!useuin. The equlpmont at the blockhouse at SLC-2 is operatl<>"at, 
dates from the period of the 1950.s, and is integral to the stte. It is the 
best surviving eum;,Ie of lhh Lechnology. 

In o silllilGr ma11,,ec che Launch Pad at SLC-2'1 15 intacc and survives from the 
1950s with only r.Jinor modifi.cations done to change from the Thor to the '.Jelta 
Launch Vehic.le. WhU.e the Redstone gantry at Launch Complex 26 and the Atla~ 
gantry at Launch Comµlex 13 dt Cdpe Canaveral Air ,·orce Station at<e C01llp.a.rah!o, 
the g~,,try and sur1rncting strnctures at SLC-2,1 are in a better state of pre~er­
vation. SLC-2\1 ,s sci.11 a working complex and Ms been continuously msintdined 
sinc.c 1957. The bsl msi11tenance performed on Launch Complex 13 1<as in 1Y7S. 
The K~dslone 1;a'1lry at L3unrh Complex 26 Ls in serious danger of bei\lg lost to 
rust and the eleme:tts. 

SLC-2W with it~ blo,·khm,•e i~ a unique resource that represcrnts the best surviving 
example of a ,iorki,13 ,g";,)s-er~ launch cusrlex that propelled Amet"icans into 
~pace. 
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Footnotes 

1. West~.n• Test Range Operations llandboo-k (John F, Kennedy Space Center, 
Janudry 1966), P• V I, 

2. Technical FaciltUes Catalog Vol. 11 (Wash.ington, D,C,: National A.eronautics 
and Space Administration, 1974), p. 9-151. 

3. Ibid. 

4, Western Test Range Ope,ations llandbook, p, V-7 • 
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J. Space Launch Camplex 2 
2. Lompoc, California 
3. USAF 

4. 1963 
5. Vandenberg AFB-, California. 
6. F.xterior View 
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1, Space Launch Complex 2W 
2. Lowpoc, Galifornia 
3. USAF 
4. 1'183 
5. Vandenberg APB, Galiforuia 
6. Interior View of Blockhouse Firing Room 
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APOLI,O TRAINING FACILITIES 

14, Lunar Landing Research Facility (Langley) 

15. Rendezvous Docking Sil!lulator (Langley) 

I~. Lunar Landing Training Vehicle (Alabama Space 
and RnckH Cente,) 

17. Neutcal lluoyancy Space Simulator (Marshall) 
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Condition 
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The Lunar Landing Research Facility ia in the West Area of the Langley 11.eaearch 
Center. This facility waa constructed in 1965 at a coat of $3,5 million and 
was used by the Apollo aatronauta as a training simulator to study and practice 
piloUng problems in the final phase of the lunar landing mission, A list of 
the Apollo astronauts tMt trained on the Lunar Landing Research Facility can 
b~ found in Appendi,c A at the rear of this nomination. 

The Lunar Landing Reeeau.h Facility is an /\.-frame steel structure 400 feet long 
and 230 foet high, ABaodated "ith this facility is a full-scale Apollo Lunar 
Excursion tlodule or LEM, Simulation of lunar gravity is achieved by employing 
an overhaad partial-suspension system "hich provides a Uftiilg force by means 
of cables acting through the vehicle's cenrnr of gravity so as to effectively 
c~ncel all but one-sixth of earth's gravitational fotce. The lifting fotce and 
v~rtical alignment of the cables ate controlled automatically through the 
action of servo-controlled hydraulic drive systems which power the overhead 
traveling bridge crane and dolly unit mounted on the large gantry structure. 
The bcidge follows in the down-c,mge motion of the vehicle, and the under-slung 
dolly follows in the cross-range direction.I 

The cables are actacb.ed to tb.e vehicle by means of a gimbal system which provides 
freedom of motton in pitch, roll, and yaw. This system consists of a swiveled­
truss assembly directly over the cab and two vertical struts attached to the 
vehicle on its pitch axis. Load cells are carried in the vertical struts co 
s~ns~ cable force for the lift servo system, and cable angle sensors are mounted 
or, the bottom of the dolly to pcovide errnt feedback signals for the bridge 
ana dolly servo drive syste'11S. automatic braking equipment built into the 
servo dri,e uni'-5 provide,.\ extrL saf~<y !~ature. Th~ LEt-! can fly in a space 
of about 180 feet high, by )60 fret lon5, and 42 teet wide.2 

The LEM was constructed using many pieces of off the sh.elf equipment such as 
the H-34 helicopter cabin and landing gear shock stcuts, Nitrogen gas was used 
to pressurize the fuel system which provided 90 percent hydrogen peroxide to 
the main lifting body rocket asserubly and ta the 20 attitude rocket motors 
located around the periphery of the vehicle frame. The cab of the LEM csn 
accommodate two persons at the same time. A common instrument panel is mounted 
b~tween the two pilots. Attitude controls at the right b.and seat consist of a 
set at standard foot pedals for ya-., control and a two-axis side-aro1 controller 
used for pitch and roll control, The left hand seat is provided with a three­
axis side arm controller, Tnrust of the main engines ls controlled by either 
pilot .,ith his left to.and using the collective pitch levers. \/eight of tile 
vahicle is 12,IJOO pounds, of which 3300 pounds was hydcagen pe,oxide fuel, 
giving ~ flight duration of slightly less than three <11inutes.3 
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The Lunar Landing Research Facility was aho used aa a lun11r-walking simulator 
for the Apollo aatronauta, This was done by suspending the aubJect on his side 
so that he """ free to generat" walking D10veu.ents on a plane inclined to about 
80.5 degrees relative to the vertical direction of earth's gravity. Suspension 
for the test subject was supplied by a aeries of slings and cables attached to 
a lightweight trolly which traveled ft"eely along an overhead track. By varying 
the angle of the inclined plane it was p<>saible to ai10ulate other gravitational 
fields. For example, to simulate the condition of weightlessness, the walkway 
would be moved directly under the track oo that the cable" were vertical and 
the test aubject horizontat.4 

The base of the Lunar Landing Facility waa modeled with fill dirt to reaelllble 
the surface of the Moon. Pock-marked hole", pits and crater• reselllble the 
lunar landscape encountered by Apollo 11 when 1t landed on the Moon in July 
1969. 

iAar.The Lunar Landing Facility 1s intact and retains almost all of its design 
1111111119'integr1ty. The facility h now known u the I1'pact Dyn111Dica Research Facility 

and is used by NASA Langley for alrcraft impact studies. The base of the 
facility l>aa been modified so that the simulated lunar landscape is gone and 
hu been replaced by an impact runway that can be modified to simulate varioua 
types of crash environments. The complex cable system th.at once can-ied the 
LEM now supports varioua teat aircraft in crash studies. The lunar walkway has 
been removed. The LEM ia on the site but the ""'in ell,lline and some of the 
controls have been r...wved. The original electronics 11aaociated "1th the site 
are in the process of being upgraded to meet modern requirements of the crash 
testing program. 

• 

An institutional ceh.ab111tat1on of the office po,tion of the facility is now 
underway and will be completed by October 1, 1984 • 
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The Lunar Landing Research Facility permitted NASA to train the Apollo astronauts 
to fly in a simulated lunar environment that produced LEM vehicle dynsmics. 
This training gave Neil Ai:mstrong and others the opportunity to safely experience 
the dynamics of luna. flight while in " controlled research environment. 
Experience gained at the Lunar Landing liesearch Facility enabled Neil Armstrong 
and others to train with a greater degree of confidence on the Lunar H.esearch 
Training vehicle at Houston and Ed.,ards Air Force lla.se and eventually to journey 
to the 11100n in July 1969, 

The decision by President John F, Kennedy to land a man on the Moon by 1969 
meant that NASA hsd to quickly determine the method of accomplishing the journey. 
NASI\ engineers evaluated three means to do this by 1962: direct ascent, Earth­
o<bit rendezvous (EOR) , or luna,:-orbit rendezvous (LOR), 

Direct ascent to the moon was ,uled out because of the size of the launch vehicle 
required to accOillplish the miasion, The EOR concept was ruled out because two 
Launch vehicles ,rere requfred to meet <aission requirementa. NASA chose the LOil 
concept which called for a single rock.et. to launch two spacecraft into lunar 
orblt "here one would remain in orbit while the other wuld deceud to the lioon, 
The vehlcle on the Moon would thee boost itself back into lunar orbit, rendezvous 
nnd dnd: -~ith the mother ship, which would then return to the Earth. 

·~hile this wa~ a bold plan thst held out Lile promise of achieving a lunar 
landing by 1969 it presenLed many technical difficulties. The LOR plan was 
based on the premise that Ni\51\ trained astronauts could master the techniques 
of landing the LEM on the lunar surfa~e and returning to orbit and docki.ng with 
the mother ship, The Lunar Landing Research Facility was designed to solve one 
part of this problem, that is, how to land men on the surface of the Moon. '(he 
need for such a facility arose from the fact that there was no direct parallel 
between the uni~ue piloting problems of the LEM and normal aircraft operating 
in Earth's atmosphere. Conditions encountered by the LEM were different due to 
the Hmm's lack of an atmosphere and low gravitational for~e. For example, a 
vehi:cle operating in the vicinity of thC! Moon requires the use of control rockets 
which are operated in an on-off manner, thereby producing abrupt changes in 
control torques rather than the smoothly modulated controlled torque• of a 
helicopter. Furthermore, inasmuch as the LEM hovers '11th a thrust equal to its 
weight, the l"nar vehide hovers with oi>.ly one-SiKth of the. thrust required to 
hover tile same vehicle in Earth's gravicy. As a result, the control system 
characteristics in translation are markedly different frOlll those of an Earth 
vehicle, thus precluding the extrapolation of results in Earth conditions to 
lunar condi.t1ons,5 • 

1 

' 
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Experiences gdned by the Apollo astronauts on the Lunar Landing 11.esearch 
Facility indicated th.at it was ponible to •uccessfully master the complicated 
skills that were required to land the Ll!M on the Moon. Both Neil Armstrong and 
Edwin Aldrin trained there for 11any twurs. Only when they successfully mastered 
skills necessary to fly the LEM would NASA approve plans for their historic 
fhst landiilg on the Koon in July 1969. 

Because of this, the Lunar Landing 11.esearch Facility 1<aa an indispensable tool 
that enabled NASA to land a man on the Moon by July 1969 • 
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l'ootnotes 

l. Do,,ald L He.,es, Reduced Cravity Simulator For Studies of Man's Mobility 
In Space And On The Moon, R.eport Presented at the Human Factors Meeting, 
Dayton, Ohio, October Hl-21, 1965 (Hampton, Va.: Langley Research C~nter, 
1%5), p 3. 

2. Ibid. 

3. Ibid,, 4, 

4. Ibid,, 1-2, 

5. No Author Given, Lunar Landing Resea,cch Facility (llampton, Va.: Langley 
Research Center, 1969), p. 1-2. 
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T!>e> boJnd~ry of t\le Lunar Landing Rese«r~h Facility is shuwn as the black circle 
on t.1c accoN9anying map entitled "NASA, Lilngley R<!search Center, Figure 1-4, 
:;~ y " 
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Appendix A 

ASTRONAUTS TRAINED AT 

Lt'NAR LA.'101:lG RESURCTI FACit!T'Y 

ATI!lstrong, Neil A. 

Aldrin, Edwin E., Jr. 

Anders, William A. 

Bean, Alan L. 

Borman, frank 

Carr, Gerald P, 

Cernan, Eugene A. 

Chaffee, Roger 

Cooper, L. Gorden, Jr. 

Conrad, Charles 

Duke, Charles )!. 

Engle, Joe N. 

Heise, Fred W., Jr. 

Irvin, James a. 

Lovell, James A., Jr. 

McOivitt, Jai,ies A. 

Mitchell, Edgar D. 

Schmitt, Harrison H. 

Schweickert, Russell L. 

Scott, David ll. 

Shepard, Allen B., Jr . 

Stafford, Thomas P. 

wu11..,..., c. c. 

Young, John \I, 
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Ulustratlon of lunar gravity sio,ulation technique for self•loco...:it1ve stuc11ea. 

Source: llewes, p. 7. 



1. Lunar Landing &,,eearch Facility 
2. Hmopeon, Virginia 
3. NASA 
4. 1981 
:;. NASA, Langley Research Center Facilities Office 
6. Aerial View of Lunar Landing Research Facility 
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I. Lunar Landing R.esee1rch Facility 
2. Hampton, Virginia 
3. NASA 
4. !979 
5. NASA, Langley Resee1rch Center F,,cilities Office 
f,. Ground View of Lunar Landing Research Facilny 
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l. Lunar Landing R.eBearch Facility 
2. Hampton, Virginia 
3, NASA 
4, 196S 
5, NASA, Langley Reseuch Center Faciities Office 
6. LEM hanging from overhead partial - suspension 

system 
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7. Description 

Condition 
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_,ooo 
_lair 
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_11ne,poHd 

Chac:k on• 
_ "nalteNd 
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U...,_tlbe t11e p,.Hnl - orlglnal fN known) phv-al.:al appearance 

Tl\e Rendezvous Docking Simulator {RDS) is in Building 1244 in the Dlst Area of 
the Langley Research Center. The ROS is a full-scale dynamic faciltty which 
was used to study pilot-controlled docking of various types of apace vehkles. 
It was built in 1963 and simulated contolled docking procedures for both the 
Gemini spacecraft with the Agena booster and the Apollo Luna,: E>ecursion Module 
with the Command Module. 

The simulator consists of an overhead carriage and cable-suspended gimbal 
system. The carriage is electricaliy driven and provides three degrees of 
freedom in translation, The gimbal is hydraulically driven and provides three 
degrees of freedo,a in rotation. Thus, the pilot fltes the vehicle in sil<­
degree-of-freedom motion which h controlled in a closed-loop fashion through a 
ground-based analog computer. The operating volume of the simulator is 210 
feet horizontally by 15 feet laterally and 40 feet vertically, This enabled 
the test pilots to dock with target G<!mtni and Apollo spacecraft in a three 
dimensional mode.I Depending upon Che test, either a full sc:ale module of 
the Gemini or /1.pollo spacecraft, could be hung from the simulator. 

• 

After the completion of the Apollo program the Rendezvous Docking Simulator was • 
modified to solve open-and-closed loop pilot control p,oblems, aircraft landing 
approaches, simulator validation btudies, and passenger ride quality studies. 
The name of the facility was changed and it is now called the Real-Ti.me Dynamic 
Simulator. KodificaUons to the facility consiated of remo~ing the Apollo 
Command 1'1cldule cockpit and instalJ.ing an aircraft cockpit. The systelll was also 
linked to the Langley real-time dlgital computer system and Langley landing 
t~tTain scene generator ,2 At the present tioue this facility is no longer in 
use. 

• 
' 
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The RendezvOlla Docking Simulator is significant because it permitted NASA to 
train Gemini and Apollo astronauts in docking procedures they had to master 
before attempting to land on the moon. The simulator gave the astronauts the 
experience of a docking spacecraft in a safe three dimensional mode that closely 
approximated a space environment. Training received here and in the Lunar 
Landing Research Facility was indispensable to accomplishing the goal of landing 
men on the moon by 1969. 

The decision by President Kennedy to land a man on the moon by 1969 meant that 
NASA had to quickly decide the method of accomplishing the journey. NASA 
engineers decided that the best method of accomplishing the goal of the moon 
landing oias through the concept of the lunar orbit rendezvous (LOR) which 
called for a single Saturn V launch of two spacecraft into lunar orbit where 
one would remain in orbit and the other would descend to the moon, Successful 
completion of this method of trsveling to the lllDOn meant that the vehicle on 
the moon would have to boost itself back into lunar orbit, rendezvous, and dock 
with the mother ship and then return to the Earth. 

The LOR technique was a bold decision to speed up the schedule for landing a 
man on the moon, To accomplhh this mission it was essential that Apollo 
astronauts be trained in all aspects and problems likely to arise in the attempt 
to dock the Apollo Command and Lunar Excursion Modules 1n lunar orbit, Failure 
to accomplish this docking would result in the failure of the entire mission 
and the likely loss of the lives of the astronauts. This justified the need 
for the ]l.endezvous Docking Simulator. Only when the Apollo astronauts had 
successfully mastered rendezvous and docking skills, learned on this facility, 
would NASA give permission for the attempt to land on the moon • 
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I, lleadezvous Docking Simulator 
2. !!a.mpton, Virginia 
3. NASA 
4. 1964 
5. NASA, Langley Archives Office 
6. R.endez1ious Docking SiJl.ulator with Gemini module 
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1. Rendezvous Docking Simulator 
2. Rllmpton, Virgfoia 
). NASA 
4. 1964 
5. IIASA, Langley ArcMves Office 
6. Rendezvous Docking Siotulator liemini 1ll0dule with 

Agena. Target Vehicl.e 
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1, l!.endezvous Docking Simulator 
2. l:!a .. pton, Virginia 
3. NASA 
4. 1984 
5. AASA, Langley Reaea.rch Center l'acUitieo Office 
6. 1'1odern view of RDS on top of Building 1244 • 
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I. ll.endezvou8 Docking Simulator 
2. Hamp,ton, Virginia 
3. NASA 
4. 1984 
5. IU.SA, Langley 11.fi!Search Cf!nt..r Facilities Office 
6. Control Fanel for Ch.e RDS 
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l. Render;vous Docking Simulator 
2. Hampton, Virginia 
3. NASA 
4. 1984 
5, NASA, Langley JLeaear-ch Center Facilities Office 
6. Control Panel for the RDS 
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The Pioneer Station antenna was the firat antenna to support the National 
Aeronautics and Space Administration's ununned exploration of deep space. It 
"'as the prototype antenna for the entire Deep Space Network and had many of its 
design featurea incorporated into later improved antennas. During the course 
of its operational life the Pioneer Deep Space Station antenna tracked a variety 
of NASA missions including projects--Pioneer, Echo, Ranger, Lunar ()["biter, 
Surveyor, Apollo, Helios, Mariner, Viking and Voyager. 

When NASA assigned responsibility to the Jet Propulsion Laboratory (JPL) for 
the unmanned eKploration of the moon and planets in OIi[ solar system, the 
problems implicit in the assignment were awesome, Aside from designing and 
fabricating the spacecraft itself, JPL had to solve the many problems in extending 
the arts of telecommunications and tracking. While research in sophisticated 
techniques of space age telecommunications had been going on since 1954, there 
was little experience in dealing with the practical problems of tracking a 
spacecraft traveling far from Earth, maintaining communication contact, and 
capturing radio waves generated from the far re.aches of space. The problem was 
to design and build a apace broadcasting and receiving station here on Earth.3 

Prior to the Sp.ace Act of 1958 construction began on the Pioneer Station antenna 
as an Army project under JPL. After the creation of NASA the Pioneer Station 
antenna became the first deep space tracking station in 'the NASA deep space 
communications network. In deciding where to build the Pioneer Station two 
stipulations were that the location had to be far frou, man-made electrical and 
commercial radio and television interference and that the terrain be of a 
natural bowl shspe.4 

A suitable site was found in the heart of the Mojave Desert in california, at 
Fort Irwin, about 45 miles from the towo of Barstow. It was at this site that 
JPL built the Pioneer Station antenna which eventually grew into the Goldatone 
Deep Space Communications Complex. At the present time the Goldstone Complex 
consists of fout Deep Space Stations (DSSs)--Pioneer (DSS 11), Echo (DSS 12), 
Venus (DSS 13) and Mars (DSS 14), These stations are named for the projects in 
which they first p.articipated.5 

To provide continous 24-hour coverage for space probes, NASA also established 
two overseas tracking stations in the Deep Space Network. These stations are 
in Canberra, Australia, and in Madrid, Spain, and are spaced approximately 120 
degrees apart so that spacecraft are always in view of at least one tracking 
station. 
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The Pioneer Station antenna represents the first generation of 26-meter antennas 
that enabled NASA to solve the technical problems of tracking deep space probes. 
Although it nlls now been superseded by newer and more efficient antennas it was 
the first, the prototype for the entire system. Features incorporated into the 
latest generation of 64-meter antennas tnllt enable NASA to track Pioneer and 
Voyager Spacecraft to the very edge of the Solar System and beyond were first 
developed and proven st the Pioneer-Station. In recognition of the importance 
of the Pioneer station to the Deep Spate Network, and to the people who worked 
there, NASA dedicated a plaque to the otation in 1978 recognizing its role and 
contribution to the continuing mission of NASA in the exploration of space • 
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J. rtoneer Deep Space Station 
2. Fort Irwin, California 
3. NASA-JPL 
4. Pre-1969 
5. JPL t·acllities Office 
6. Aerial View of t~e Pioneer Deep Space 

Station and support building$ 
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t. Pioneer Deep Space Station 
2. Forte Irwin, California 
3. NASA-JPL 
4. 1983 
5. JPL Facilitiea Office 
6. EJ<terior View of the Pioneer Deep Space Station • 
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MISSION CONTROL CENTERS 

22. Space flight Operations Facility (JfL) 

23, Apollo Mission Control Center (Johnson) 
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The Spsce Flight Operations Facility (SPOF) is at the Jet Propulsion Laboratory 
(JPL) in Pasadena, california. The SFOF is where spacecraft tracking and 
scientific data are received and processed from JPL's Deep Space Network. 

The SFOF was constructed in 1963 and is composed of three floors and a basement, 
The SFOF is a square b'uilding with a standby po.,erhouse extending fro-.. the 
basement on the west side. The entire structure encloses 122,074 square feet. 
All parts of the building, except for parts of the base .. ent and the standby po.rer 
house, are air-conditioned to precise tolerances, The e,cterior of the structure 
hes a rock and concrete face, 

At the heart of the SFOF is the Network Operations Control Center which provides 
a centralized control point for NASA's Deep Space Network. The Network Operations 
Control Center has two separate functional elements, Network Operations Control 
and Network Data Processing. 

The Network Operations Control Center houses control consoles, video displays, 
projection screens, status and operation displays, closed circuit television 
communication links and telephones necessary to control and monitor deep space 
flight operations, The Network Data Pt"ocessing Center houses the computers and 
the data storage and processing facilities necessary to support the Network • 
Ope,ations Control Centet", Other ueas of the buildi",'l house offices, public 
viewing areas and additional support facilities for the Network Operations 
Control Cente,, 

The SFOF is art active NASA facility supportillg various ongoing NASA projects 
includi",'l the tracking of the Voyager Spacecraft, It has continually been 
modified and its equil""ent upgraded aince it was built and put into operation 
in 1964. 

• 
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The Jet Propulsion Lahorat<>r y from lho beginning of lts association with NASA 
1" 1958 has served as tile primary NASA center tor the unmanned exploration of 
the planets. The first v~rsion of the Space Flight Ope.ations Facility was 
built in 1958 to support the EKplorer l satellite. This mission ~ontrol center 
wa~ in a sinr,l<- u,om thal housed all tl1e <:orom\lnicaUons, recording, and other 
,aupport equipment neceaasary for Explott,r l. Hy 1961, with the corning of 
l'roJect Ranger to explore the :noon, it ;1as obvious that a more elaborate mia~ion 
control center was necessary. The Space Flight Operations Facility was construc­
ted to replace th" original Explorer l mission cuntrol center and to provide 
tile depth of tedinical support ne<'ded by newer generations of unmanned spaceaaft. 

The Space Plight OperatiOn5 Fad lity was co!lstructed to be part of the Deep 
Space Network (DSN). The main <'lemenLS in the DSN are the Deep Space Instrumen­
talion facility (llSfl), the (,round Communicatior,s System (GCS), and the Space 

Flight Operations l'acility (SFOC) t 

The DSIF is a nHwork of tracking and communications stations located appraximatdy 
120 degrC>es apart in longitude to in&ure that a spacecraft is al;1ays within the 
field of at least one of the tTac.krng stations. 

The GCS consists of voica, teletype and high speed data circuits that link each 
tracking station with both Cape Canaveral and the SPOt', 

The SPOF at tbe Jet Propulsion Laboratory h the focal point of the Deep Space 
Network. The Space Flight Operations Facility is significant because it is the, 
hub of the vast communications networK through which NASA controls its unmanned 
spacecraft flying in deep space. Commands that control spacecraft flying 
millions of miles from the earth are ,.enc f,com Lhe Network Control Center in 
the Space Flight Operations Facility. Scientlfic and engineering information 
generated by unmanned spacecraft is transmitted to the Space flight Operations 
FacHity. Inasmuch as the Jet Propulsion Laboratory is NASA's primary center 
for th<' unmanned exploratiOfl of the planets, the Space Flight Operations Facility 
is the heart and mind of tile Jet Propulsion Labo,at,,ry. The Ma.riner, Viking, 
Pioneer, and Voyager projects that ha"e explored tLe planets and solar environment 
have all been controlled for at least part of th<'ir missions in this facility. 
The vast harvest of scientific ii,formation concerning the planet~ and the 
universe gathered by these spacecraft first s~w th~ light of day and wer~ read 
by technicians workin~ in th<' Sp'1Ce Plight Operations Facility • 



United States Department of the Interior 
National Park Service 

National Register of Historic Places 
Inventory-Nomination Form 

ContirWJation sheet llem numbe< ' 
The scale of the achievements of NASA's planetary exploration program over the 
last twenty years is staggering. Like the great early explorers of human 
history, Columbus, Magellan, Balboa, Cortes, and Champlain the unmanned space­
craft of NASA, Ranger, Mariner, Pioneer, Viking and voyager have opened new 
worlds to human understanding and comprehension. The Space Flight Operations 
facility for this period of time has been at the heart of this operation. 
Through the achievements of modern technology and communications the entire 
hU111an family was able to travel to the planets and experience the thrill of 
discovery. The Space Flight Operations Facility is the S}'lllbol of this technology 
and the resource most closely associated with the unmanned planetary exploration 
program of the Jet P"ropulsion Laboratory snd the National Ai!ronautics and Space 
Administration. 
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1. Space Flight Operations Control Facility 
2. Pasadena, California 
3. NASA-JPL 
4. 1976 
5. JPL Public Affaits Office 
6, Interior View of the. Networlt Operations 

Control Center 
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1. Space Flight Operations Facility 
2. Pasadena, Galifornia 
3. NASA-JPL 
4. 1981 
S. JPL Public Affairs Office 
6. Interior View of the Network Operations 

Control Center 
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_,ellgk>u• 
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L !ran,ponat!on 
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••• D.C. 

oourthouse,r911iSlr/Ofdeed•,~c. N,,L1on~l Acron;,utic~ .ond Space AdministraLi=>n (l<AS,"\l 

o.c. 20'J46 
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7. Description 

Check one 
_ deterlora!e<I __ unaltered 

Check one 
__x_ original site 

COftdltlon 
--1,_ excellent _, .. 
__ !air 

_ ruins _x_ altered 

·-- unexposed 
_ l'IIOlled date ----------- • 

~~--~-
O.ecrlbe ti.. preeenC •nd orl9inal (If known) p!lreh,at appearance 

The Apollo Mission Control Center is in Building 30 at the Lyndon B, Johnson 
Manned Space Flight Center in Houston, Te~aa. The three-story structcire consists 
of a mission operations wing {HO~). operations support wing (OSW), and an 
interconnecting lobby wing. The MOW contains systems and equipment requited to 
support the mission control function. The OSW contains offices, laboratory, 
and technical support areas for the flight operations directorate. The lobby 
~ing provides additional office space and dormitory facilities utilized by 
flight controlers during space flights of extended duration. The mission 
control center is supported by an emergency power building that houses standby 
electrical power and air-conditioning systems in the event thst primary sources 
fail. 

~rincipal systems on the first floor are the real time computer complex and the 
communications systems, These systems support the dual mission facilities snd 
systems on the second and thhd floors. Tb.e communications system provides the 
interface between the mission control center in Houston and the manned space 
flight network and the launch site. 

Principal areas on the second floor are the mission operations control room 
(MOCR), the staff support rooms (SSR), the simulation facilities, and the 
master digital command system. The MOCR is the principal command and control 
center, staffed with key wission operations teams responsible for overall 
management of the flight. 

Principal areas on the third floor are the MOCR, the SSll., the recovery control 
room, the met.eo,ological area, and the display and timing area. The MOCR and 
SSR are exact duplications of the areas on the second fl'oor. 

The recovery control room, tb.e meteorological ares, and the display and timing 
areas support the dual mission facilities and systems on the second and tb.ird 
floors. 

The MOCR on the second floor is the principal COIEllllsnd and decision ares in the 
MCC. Cl:itical information related to s[>Scecraft, launch vehicle, and ground 
systems, as well as aeromedical parameters from the worldwide stations, ships, 
and aircraft, is processed and displayed within the MOCR. Based on sn analysis 
of this continuous flow of information, personnel in this room must assess the 
spacecraft flight status and progress, and then, in time-critical periods, 
determine the continuation, alteration, or termination of the space flight. 

This is an ongoing NASA facility and is currently being modified to accommodate 
flights of the shuttle. The third floor of the facility has been turned over 
to the Air Force and is in the process of being converted into a secure area 
from which Air force shuttle flights will be monitored. The second floor of 
the facility housing the mission control operations room is being divided into 
t~o room3 to accommodate increasing number3 of shuttle flights,l 
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8, Significance 

P•riod Ar••• ol Signllicanc.....Ch•ck ...,d ju,tlfy ... low 
__ archeol<>11y-prehisiorlc __ community plann!ng 
__ archeology-historic ~ ce>nse...,allon 

__ \and scape archltectur<L- religion 
__ "• __ s,;ienee 
__ \lierature __ sculpture 

__ agrlculture _ economics 
__ architecture __ education _ "1ill1ary 
__ art _x__ engineering __ musl" tiumanitarian 

__ social/ 

__ commere<> __ uploratlon1set11ement __ phllo.ophy -- lhe-
2__ commun!cal!ons _. Industry __ polltlc&1g"""rnmenl -- transportation 

__ prehlstonc 
_ 1400--1499 
_ ,soo-15911 
~- 1600-1899 
_ 1700--1799 
_ 1600-1899 
.J,__ 1900- Invention ...X.... other (specify) 

~~~~~-==::::::::_~=--~~~~tio•O 
s ... clflc dales 1965-Preeaent aund .. 1Archi1-l NASA 

llalemenl of Slgnlllcence (In one paragraph) 

The Apollo Mission Control Center is significant because of its close association 
with the manned spacecraft program of the United States. This facility was 
used to monitor nine Gemini and all Apollo flights including the flight of 
Apollo 11 that fitst landed men on t:he moon, A.ftet the end of the Apollo 
Program this facility '"as used to ,nonitor manned spaceflights for Sk.ylab, 
Apollo-Soyuz, and all recent Space Shuttle flights, 

The support provided by the Apollo Mission Control Center to the first manned 
landing on the surface of the moon was critical to the success of the mission, 
lt exercised full mission control of tha flight of Apollo 11 from t:he time of 
liftoff from Launch Complex 39 at the Kennedy Spac.e Center to the time of 
splashdown in the Pacific, The technical management of all areas of vehicle 
systems of Apollo 11 including flight dynamics, life systems, flight cre\a 
ae.ti~ities, recove,ry support, and ground operations .. ere handled here • 

Through the use of television and the print ne"s media the scene of activity at 
the Apollo ~ission Control during the first manned landing on the moon was made 
familiar to millions of Allleticans. iihen Neil Armstrong reported his ··gisnt: 
leap for mankind"" to Mission Control his ,wrds went immediately around the 
wor1d and into history. The Apollo Mission Control Center and Launch Comple~ 
39 at the Kepnedy Space Center are the t"o resources that sy,obolize for most 
llmericans ae.hievements of the manned space program leading to the successful 
first moon landing during the flight of Apollo 11 in July 1969, 
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The 16 positions in the control room and the primary 
responsibilities are as follows. A graphic illustml.ion shows the 
location of these consoles. 
l. Mi99ion Director - overall mission responsibility and con­
trol of flight ~t operations. In Project Mercury there were 
no alternative mission objecti""" that could be exerci9ed other 
than early tennination of the mission. The Gemini and Apollo 
missions, however, offer many possible alternatives which have 
t,, be decided in real time. 
2. Department of Defense Representative-overall control 
of Department of Defense forces supporting the mission, in­
cluding direction of: the deployment of re<:overy forces. the 
operation of the re<:overy communications network, and the 
search, location and retrieval of the crew and spacecraft. 
3. Public Affairs Officer- resporu,ib!e for providing informa· 
tion on the mi ... ion status to the public. 
4. Flight Director - responaible to the Operations Director 
for detailed control of the mission from liftoff until conclusion 
of the flight; aosumes the duties of the Operations Director 
in his absence. 
5. Aosistant Flight Director- n,eponaib!e to the Director 
for detsiled rontrol of the mission from lilt<.>!!: throufl:h con· 
clusion of the flight; a"'ume,i the duties o! the Flight Di..,.,tor 
during his absence. 
6. Network Controller - has detailed operational control of 
the Ground Operational Support Svstem network. 
7. Operations and Procedures Officer - responsible to the 
Flight Director for the detailed implementation of the MCC1 
Ground Operational Support Syatems mission rontrol pro· 
redurea. 
8. Vehicle Sys1"n1s Engineers-monitor and e<1a\uate the 
performance of all electncal, mechanical and life supµort 
equipment aboard the spacecraft (this includes the Al!"na 
durin~ rendezvow, missions). 
9. Flight Surgeon - direct.~ al! operational medical activities 
ron('emed w,th the mis.~ion. including the status of the flight 
crew. 

10. Spacecraft Communicator- voi<Oe communications with 
the astronauts, exchanging information on Ute progress of the 
mission with them. 
11. Flight Dynamics Officer-monitors and evaluat.e8 the 
flight parameters regtlired to achieve a succ-luf orbital 
flight; gives "GO" or "Abort" recommendations to the Flight 
Director. 
12. Retrofire Officer - mom tors impact prediction displays 
and is responsible /or determination of retrofire times. 
13. Guidance Officer - detect. Stage I and Stage 11 slowrate 
deviations and other programmed event., venfies proper pet· 
lormance of the Gemini Inertial Guidance Syslkm and recom· 
mends action to the Flight Director. 
14. Booster Systems Engineer - monitors propellant tank 
pre5Surization systems and ad,,.jses the flight crew andlor 
Flight Dire<"tOr of systems abnonnalities. 
15. Ass,stant Flight Dynamics Offi<0er - monitors and evalu· 
ates Gemini launch vehicle systems and reports any abnormal· 
ties to the Flight Director. 
16. Maintenance and Operations Supervisor - responsible 
for the performance of MCC·H equipment and ii:!! ability to 
support the mission in progre>lS. 

Information 1s displayed on television monitors, in­
dicator lights and digital readout devices on the consoles. 
Information is also displayed on the large group display 
projection screens at the front of the control room. 

A visitor viewing room, providing seating spaoo for 74 
persons, is located at the rear of each MOCR. This is a 
Mparnte room with a glass front which permits authorized, 
visitors to observe the functioning of the control room during 
a mission. 
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I. Apollo Mission Control Center 
2. Houston, Te><aS 
3. NASA 
4. 1966 
S. NASA, Houston Public Affairs Office 
6. Aerial View of Apollo Mission Control, 

lluilding 30 
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1. Apollo Mission Control Center ,. Houston, Texas 
3. NASA 
4. 1979 
; . NASA, Houston Public Affairs Office ,. Interim: Vie,, of Mission Operations Control Room • 
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' . Apollo M:l.ssion Control Center 

' . Houston, Texa.a 

3. NASA 
4. 1982 • ,. NASA, Houston Public Affairs Office ,. Interior H= "' l'lission Operations Control Room 

during flight "' Space Shuttle Challenger 
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5, Location of Legal Description 

counnO<Ju. regl•try ol dMda. e\c. United States Air Force/LEE' 

'1<e<o! & number Building 5l6, Bolling- Air Force Base 

c,ty, town 
Washington llale D,C. 

6. Representation in Existing Surveys 
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7. Description 

Condition C!Mck one Check one 
_x_ excellent __ de!erloraled ----15... uneltenld ~ orlg!nal alte 

~--=_:::'"'_,. ____ ::-_=_;_;_:_:,.,_._" __ ~~-·-'_'_'" ____ -_-__-_°''' ___ ·_·_·_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-___ ._:, 
D"crll•• the p,e .. nt end onglnel (If known\ phJelcal ap ... arallCe 

Rogere Dry 1..9.ke ia within the boundariee of Edwards Air Force Rase in California, 
approximately 100 milee northeast of Loa Angeles. Rogers Dry Lske is part of 
the Antelope Valley region of the Mojave Deeert and is bounded by the Soledad 
Mountains, the Sierra Pelona ranges of the San Gabriel Mountains, the Long 
Buttes, and the Tehachapi Mountains, The lake forma the lowpoint of the Antelope 
Valley which ranges in altitude fro,n 2,300 to 3,000 feet above sea level, 

Rogers Dry Lake is sixty-five miles square and shaped roughly like a lopsided 
figure-8, 12 1/2 miles long and 5 mllea wide. It ia a pluvial lake that was 
formed during the late Pleistocene Era about 2.5-million years ago, The lake 
ia naturally flat and its surface is unusally hard and can support up to 250 
pounds per square inch of pressure enabling even the heaviest aircraft to land 
and take off from the lake bed. The lake is dry for most of the year except for 
brief occasions when rainfall fills the lake bottom to a depth of a few inches. 

Rogers Dry Lake has 60 miles of marked and maintained runways which are 300 
foet wide. Its broad expanse of hardened clay surface forms the largest natural 
landlng field in the world, 

• 

• 



e. Significance 

Period Ar••• of Slgnllleanc-C"-ell and justify below 

• 

prehistoric 
1400-1499 
1500-1599 

-- 1600-1699 

__ archeology-prehiebOrlc __ community planning -- landscape architecture __ religion 
__ archeology-historic __ conservation -- "• -- sclen..e 
.- agriculture __ eco"°"'lca -- literature -- BCUlplure 
__ architectuie __ education -1L.. military -- social/ 
__ ,n __ engineering __ music humanlta,lan _ 1700-1799 

_ 1800-1899 
____'.'.'._ 1900-

__ commerce __ eiploral!onl&elllement __ philosophy -- theater 
__ communlcatlona __ Industry -- polltli,s,govemmant -- trensportaUon 

Invention .x..__ other (specify) 

------------------==---------------------~~fil~":'"-L;:';•searc! 
Build.,IArchltect N/A Space Exploration Speclflc datea 1913 Present: 

• 

• 

Rogers Dry Lake is the primary resource associated with and responsible for the 
establishm<ent of Edwards Air Force Base and the Dl:yden Flight Resea-.-ch Facility. 
Edwards AFB is the world's premier flight testing and flight research center. 
Both Edwards and Dryden have had a profound impact on the development of aero­
space technology and military security. It is precisely the presence of the 
natural attributes of clean air, isolated location, ideal weathe.-, variable 
terrain, and the large expanse of dry lakebeds that first attracted the Army to 
the Rogers Dry Lake in 1933. These natural assets enabled the military and 
later the National Advisory C<>mmittee for 11.o!ronautics (NACA) and the National 
AHonautics and Space Ad.ministration (NASA) to flight test aircraft that were 
on the cutting edge in aviation and aerospace technology. Starting in 1947 
with the flight of the Bell X-1, the first plane to break the sound barrier, to 
the landing of tlie Space Shuttle Columbia in 1981, Rogers Dry Lake has been the 
scene of the most important developments in the history of aviatiCJll, 

General HiBtory 

RogerB Dry Lake area was little more that a watering stop for the Atchison, 
Topeka 6 Santa Fe Railroad until 1910 when tho! Corum fsmily settled near the 
lake. I 

Clifford Corum, his wife Effie, and his brother R.slph were homesteaders and 
were the earliest known settlers of this region, Seeking to attract others to 
the area they built a combination store and post office. Effie drove the 
family buggy across the scorching desert seeking the necessary aignatu>:es for a 
petition that would officially give the Corum name to their post office, When 
the Postal Department rejected the nallle because of its similarity to another 
California town, the Corums presiated in immortalizing their name. They decided 
to reverse the letters in Corum and the name Muroc was born. 

Muroc was first used by the military in 1933 when a smali advance party from 
Harch Field in Riverside came to design and maintain a bombing range fot the 
Axmy Air Corps. Fou>: years later, the entire Air Corps was performing bombing 
and gunnery maneuvers here. 

At the outbreak of \,/orld \,/ar II, the south end of the lake was used for training 
P-36 Lightning fighter pilots, and B-24 Liberator and B-25 Mitchell bomber 
crews • 
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Bowbing practice targets included a realistic 650-foot model of a Japanese Navy 
heavy cruher, dubbed the "Muroc-Haru." Pilots and bol!lbardiers used the "ship" 
for strafing, identification, and skip bol!lbing practice. The Muroc-Karu passed 
from landmark to legend in 1950 01hen it was "sunk" as a flight hazard by Army 
engineers, "'ho first had to rid the hull of unexploded bol!lbs, 

In February 1942, Col. Benjamin W. Chidlaw and U. Col. Ralph P. Swofford of 
the 11.ateriel Center at Wright Field, Ohio, on an extended tour of the western 
United States, chose Muroc Ory Lake as the ideal location to test the new 
"sllper secret" Bell-built :,:p-5g jet airplane. 

• 

Ldter, negotiations with the Muroc Bombing and Gunnery Range commanding office!", 
Na.j, Glen L. Arbogast, resulted in assignment of a portion of Muroc Ory Lake 
north of the Santa Fe Railroad for exclusive use of the 11ater1el Center personnel 
who had been directed to proceed to Muroc, California, to take charge of the 
'"Materiel Center l'light Test Site." In September 1942, Altlerica's ffrst jet 
arrived at Muroc by ,;all. 1/hile it was being readied for its first flight, a 
wooden propeller was attacl1ed to the nose of the aircraft to disguise its jet 
propulsion. The XP-SgA made its first flight October l, 1g4z. • As tests 0£ the XP~59A progressed, it became apparent that the location was 
ideal for testing aircraft. In addition to a climate assuring 350 days a year 
flying weather, the dry laM:e "'aa a ready-ruade emergency landing field for 

experimental aircrdft. 

From December 1942 the base ""'s called the Materiel CoUlllland Flight Test Base. 
In 1944 it was redesignated the Muroc Flight Test Base. In October 1946 the 
Muroc Flight Test Base on the north end of Muroc Dt:y Lake and the Bombing and 
Gunnery Crew Training Base on the south end of the dry lake at merged into a 
single flight test facility at Muroc Army Air Field under the jw:isdiction of 

the Air Materiel Command. 

Muroc Army Alr Field "'as re.designated Muroc Air Force Base in February 1g4B and 
became Ed,.,,ards Air Force Base in February 1949 in honor Gapt. Glen W. Edwards, 
A native of Lic>coln, California, Captain Ed,.,,ards had been killed June 5, 1948, 
dur ic>g a per fotmance test of a YB-49 "flying wing" experimental jet bomber, 
Otficjal dedication of the newly named Edwards AFB took place January 27, 1950, 

Through the years, Edwards has been the focal point for testing and evaluating 
aircraft concept~ and designs and has contributed directly to the improved 
~.o,nbat capability of the Air Force. Many aerospace '"firsts" have occurred in 
the skies above c;dwards. Ca.pt. Charles E, Yeager became the first man to break 
the once-feared sound barrier. He accomplished this feat October 14, 1947, in 
the Bell X-1 experimental rocket plane. This led directly to the development 
of the supersonic Century Series of fighter aircraft beginning with the FJOO 

Super Sabre. • 
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The three X-1Ss, the world's fastest sod highest flying winged aircraft, were 
tested from 1959 until 1968. Knowledge gained from their 199 flights in the 
research program hastened the day of the United States manned apace and moon 
flights, 

The second X-15, now on display at the Air Force Museum, 'i/?"igh.t-Patterson AFB, 
Dayton, Ohio, set an unofficial world speed record of 4,520 mph October 3, 
1967. The X-15s reach.ed altitudes, of more than 67 miles, Other test projects 
have included the XB-70A triple-sonic Air _Force research afrcraft, the F--lllA 
supersonic variable sweep-wing jet fighter, the X-13 vertical take-off and 
landing airplane, and the C-SA Galaxy cargo aircraft. 

After the X-15, the Air Force-National Aeronautic and Space Adminiatration 
(NASA) research partnership turned to a different kind of !!iperimental rocket 
craft--a specially contoured, wingleaa vehicle called the lifting body. 

Not designed for speed like the Xl5s, the lifting bodies were shaped to fly 
both as a spacecraft ands wingless airplane. Tiiey were tested to determine 
their qualities for an extended near- .... rth flight and for conventional runway 
approach and landing. The knowledge gained from the lifting body research hsa 
sided in the development of the space shuttle. 

The shuttle eliminates costly "throw-away~ boosters snd ocean splashdo,ms. 
Edwards AFB was the prime landing site for all space shuttle tests and develop­
ment flightb. During the entire life of the space shuttle program the deaert 
base, with its uniquely qualified large drylske bed, will continue to be a 
contingency landing site on any orbital mission. 

The natural resource of Rogers Dry Lake has made possible the successful 
development and testing of generations of American aircraft leading to the 
Space Shuttle today. Because of this association with the History of American 
Aviation the Rogers Dr:y Lake is uniquely qualified for designation as a National 
Historic Landlliark, 
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1. The descriptive uterial for the general history of this aection has 
been taken frOIII Antelope Valley Salutes Edwards APB (Riverside, ca.: 
Armed Seruices Press, l't82), PP• )7-9. 
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9. Major Bibliographical Referen• ,s ..c,. ______ _ 

• s~e contb\liltion sheets 

10. Geographical Data 
Acr9age of namlnato,j property Sixty-five square miles 
" o • See c<Jntinua.tion sheet ... ua rang name~~~~~~~~ Quadnlr,gle scale 1'24,000 

UMT References see ~ont:c~uation sheet 
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, W ,i ~-'-'-'-' , w L ~~~1 Li~~ ....... ~ 
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Verbal boundary deacrlptlon - jue11flcaUon 

The bounda.ry of the Rogers Dry Lake is shown as th£ green line on the foll=ing 
U.S.G.S. Map~: kOgers Dry Lake North, Ro9ers Dry L ke South, Redn,m and Edwarcls. 
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l, Rogers Dry Lake 
2. l!d'lards Alr Force Base 
3. NASA 
4. 1983 
5. NASA, Dt-yden Fligh.t Research Ceriter 
6. Dryden Flight Research Center and Edwards Air 

Force Base next to the Rogers Dry Lake 
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I. Rogers Dry Lake 
2. Edwards Air Force Base, California 
3, NASJ\ 
4. Unknown 
5. NASA, Dryden Flight Resean:h Center 
6. The Bell X-IE on the Rogers Dry Lake 
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l. Rogers lky Lake 
2, Edwards Air Force Base, California 
3. NASA • 4. Unknown 
5, NASA, Dryden Flight Research Center 
5. The X-15 research aircraft on the Rogers Dry Lake 
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1. Rogers Dry !.Ake 
2. Ed•111rds Air Force Base, California 
3. NASA 
4. Unkno;m 
5, NASA, Dryden Flight Research Center 
6. The H-2 liftlog body on the Rogers Dry Lake 
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l, B.oge-i:s ti,;y Lake 
. 2, Edwards Air Force Base, Csliforuia 
). NASA 
4 , Un known 
5. Nit.SA, Dryden Flight Research Center 
6. Spsce Shuttle Challenger landing on the 

Rogers Dicy L,.\te 
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